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fit U< !4m& v 1f3t^«b^$ttSS^fii:l^eS<0 
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titers i] ^tmmcomMVim^mmmi'miii 

[»*39I4] WiaKSR*t1BK0 3 0 0ia ; ?y7 p ^ro*s/ 
raflE*5 0. 8 5 g/ c m 3 )^±T-& 3 it i-T 
5f«*rg 1 ~ 3 (Dffiixfr 1 riiciagtco y =}-V^—<kMM 

[B»*« 5 ] «(rfa«**twro^*****s 9 9 k*% 

W-fC\ BETiS^<t?)tt:«ffiW^5m 2 /'E«T-Cfo 
5:i Sr^« t-rSsf *ig 1 ~ 4 <E>fBHx/!>» 1 igtcia^co 

SSi, «JMt'<-f f^— fcfcfi-e-U S?H-&^£7 0 0 
- 1 5 0 0 < C-e^^S.t>*/* Ttfi 2400-3000 °c 

tA-kro&JR-CfcS r. t Sr«r# t -T 5 it 6 IE«cCO y ^ 

'« i TZ>n*i% 6 y ^ ? ilftti^lifflM^ro 
[lf*I19] fldlEJR«B<O5p*&i|ftS*S3nmUJl±3 0// 

nmm 1 o ] mmm^bmmmmm^<^ 

m&i oojt*SBc:*tL-c. KMt'^^tr 
-fi> 10-7 OK&WX'jbZZ bZW&.b-tZ>m*tM6 

~ i o cofsjixa> i isiciE«cQ y f- -^.mm-^mmu 
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[»#« l 2 ] ]Ettfi4MC t , l ~ 5 (Dtolnfr 

05 

I o o o 1 ] 

4 y & - *«»is J: at mtr ffl v * b ti 3 

10 0 0 2] 

^my j**m\>^z.w&\z.ffimb 

nb L-CJM&Sr/H^fcStettu Sterna !>^*.M ! JM& 

V^?t*^tCJt^s 0~0. 1 VS*S5VM3iat*/il>3t* 
[0 0 0 3] fcfcL, ll«S*f!M-i^$n-5^^!±. * 

[ooo4] mmmb Lr^«t»«»oiifr*tiWB* 

(^ij^ii, g4O0ttftfSi^lDl 4) . L^L^/JS 

x. ±b vxmi&mmmmn&mx'mft-rzsmfcizm 

mi-^^BM^^^&^^^^'b^^mM^hi). tiUx. 

40 y f-^^<oitm^^m^ix. L*»t. ^wffim8§gi 

*gHl2>h<Obg.t>tlZ>o 
[0 0 0 51 IJSfflirLT, > y7x-Xf->f ©3t 

SftlCJt^-C 8 0-8 5%^Swfe®Sfib^#f>ix4 
50 [000 6] f y 9-X0t3M»t t . @B?S<7??ag^i«T' 
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2001 — 357849 



T;*:t<. fi^##t4^5t^L7ti:co^ (J. E I e 
ctrochemi. Soc. , 142, 8, 2564 

(1995) ) t^ntv^, la>u mm^wm^m 
m<oj&f&*fei%i-ztztb<D¥-y3-<DmMmfc9i!!m. mm. 

So 

[0007] t° y ^ 3 * {±, A JMBfc&tm«>ttSl 

1=T*#K wfflS^/^tiTv^ (fiajxifi, !|tMag6 3- 

1 2 1 2 5 7 4§-<£$g, it#Hf)¥ 1-2 0 4 3 6 1 
Hl¥4-2 0 6 2 7 6f^i4i*) „ LA»Lfc«Sfe, 
j§£OTfcV^ = — **WjeS5?fi&yS (2000-300 
0 o C^) p°n<OKtmSS(4s SSSiSi (3 7 2mA h/ 
g) iJtKUTiS^ (< 3 0 0mAh/g) kl^KIH 
tfS*5o 

[0 0 0 8] «±fl)J:5C. y^*.*.-&*?fcoattg 

[0 0 0 9] 

^ ■> a -^mm^nm&o^mi- s c t & s ftt -rs. 

[ 0 0 1 0] 



/4fctt*M&teiMT3 wi»rJ:!K rait: y ^17 

15 [0 0 1 1] BP*.. (1) #JS<tJ^^coi^ 

mtt't&<D¥-&)%L / &tf 5 /x mKl± 10 0m mjfcSS, A>0 2 
20 yB#<7D * y 7"fS^ 0 . 7 0 g / c m 3 Kl-h"C 

&*<b«KftoT^5wt«:iie*fci-5 (i) taftwy 
^i7A-jjc«?i*«ffi*tw» (3) miaR*flisi-jw, 

-*«fcft*ffl*m. ( 4 ) fitllE^^WcO 3 0 0 0 
^S/7^ro^y^«S«5 0. 8 5 g/c m 3 J£Jl±-C;fc£ 

zk&&Wtk1rZ> (l) ~ (3) rolBin^ l iitrlEgtW 

y^»A~^«***ffl*w, (5) mzmmunn 

30 ^Jfr^W** 5 9 9 fi%»±-C > BETffilri^lt^ffi 
«!!S5inVg6lT-Ct»5:iS:»ti:t5 (1) ~ 

(4) (Dwrtfri iiiwiEicwy f ^Aiftti^sfflit 
(6) £*t£*w«»#»o?&sp»a[wWmL 

-1 5 0 0 < C-C^kSl//*fc(4 2 4 0 0-3 0 0 0t 

40 T-Sf'DMfc-f 5 r. t &mmtirZ> ])3-'}J>.-ltkmMRl&& 

m&n<Dmmij&, (7) atna^jaw. =.y^ 

(6) lE«tWy ^^A-^TOAMffl^^Mit^ffi. 
45 (8) &*£#5R<&*»:|*I»* J , ^T'D-fe^^^ffi 

z> (6) iE®oy ^«?A-»:©?iii^ffl$t!isfwsa^ 

ft. ( 9 ) lHl!Ei!i&<£>¥*9i&@a s 3 m mVJ,± 3 0 m m 

»T-c*5iit»»tta (6) - (8) (o^-rtu^ 
50 1 ^twiEitewy ^^^"^m^fiEfflWwffiijt^fe, 
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l^tSl k*<&®.k1-2> (6) ~ (9) gqRIx^iiI 
I'BE^roy ^*A-&mM*@J8$mwS^;frft, (1 

i) ^m^tisiits.mmm^w^^-<om^m^K 

mt&l 0 OffftSBI^LT. «*K'W o~ 
7 OKfiSPT-foSr i$r#®t-rs (6) ~ (10) CO 

i >S!c: y ^ ? a - nkn^mmu^ wM5t 

*ft, (12) 7Em&m%k. If 1 ~ 5 coRh^ 

^me^fct, ^7k^ms?if£Sr^A,-eft5 y ^?a- 

[0012] 

[0013] *^bjic{^s y ^-^^-^m^ft^ffl^is 
ftiLtf^^^fttt^g oss%«±conist 

l\ 1 tl^^tSei^ 5 /i mtJ.± 10 0m m*l> i'O 
2 00* -yym<D? y7°m&tfo. 7 0g/cm 3 «± 

irpsi-r s c t iz <t <9 * bn5 y f> a -&mtti&mm 
[0014] *mm<F> y j±-'&m,$kMumm§£iCD^ 

14=irLTI4, ^ifsfi: Ltfflv^I^Sr, AitS 

k, » = »w, r v^-^g-g-UTfl 
£® k Ltcm^MmZft ? Z k , m=Sr¥-*9 
tfSjimKllOOMm*!, ^2 00^7^ 
^T^SO. 7 0 g/c m^it^S^i^PSii-S 

:b-t!:-r. JWT<olE3$f;:-C-hfaS# (1) tuf*. 
[0 0 15] I-roltttfc?), !WMk LX^^m^ 

ISflfii £r# -5 ^Sirco^ffii^fig^btlTttUt L«6 

[0016] #S§9§05 y ? A -«fc«Jk*ffiJB*ma>JBi 

iAitmi&ti/^E^l-Jo^T, AitmiSlw®-r-5„ A 

^Sr/B^T. ft^K)lc:2 0 0 0lC^e>3 0 0 OTCroffiifi 

ft £ m ^ fc t ' # <b n 5 A it JRft "C 14 . a ft \z it 



7J»-T?f4fcv^ *^l«roy f-^A-^m^SfflHiSW 
* o T fc^F iTiSS*** A # t ^Wfflffl Sr A « < 3fc#T 

05 :wi 5c^»«&(4. m^K^-^»ai?¥*ssmse 

10 [00171 *fc. m~C0S#T*fc2.il!^t LTffl^S 
[0018] y AlKillUBAWmi LT, JRtt 

15 T, *MMilBHfrfr*S:»J*U ^fcH^y T-VA-Ur^ 
*sjBUtLT. J!MBfc:K*R£»w:J3tt3ttttas. y^A 
^Kt !)3-$J»'(jr^(D&fclzi$i-tZ>mtiLkffl%>X'& 
9, 7^0, ^fflffil$coA^-C¥tl^^fl;*^^#t.n 

srtm **pjt?#t>^2> y^^A-^msto^ffi 
^vtz.mzmtRv^/^tLtxm^it^m.^zkizii*) , 

e>^5A«*fi|sF+©5te»cftEJC:»-B8#i-5*«&©fi]^j6S 
/h L-Cil5V>»*«*4-a? r i(4 

30 -C#fcV\> ^SW^coSiS^, ^cogf^a®^ 

*T'fe5 3 7 2mAh/gOMtt^oTV^i: L 
Xh. *0^ti4i'>4< tt>9 0Kfi%^±^(tiX 
(4\ ^C9j*m^fi(43 3 5 mAh/gClUiV^t*, 

35 jt^HI8a^-T'(4ii^a^;$n^^3 5 0raAh/g« 

*^BJoy ^C>A-^m?t!l*®ffl^<7?i^^|-t LTfflV 1 
5Iftff)**^*tiS9 0itt%£U:, I*KI±95 
40 ft%W-tta^§ti6. S*W9 0M%»lO« 

ft, wimm. mi&.m9&m%?<r>'ftm-7w£x&, *a*>s 

[0 0 19] ^HC0S#T*fc-5. Mffeil^ 

45 iWSW/^ >-^-tI^UtI^«5i Lt«i:, 

SSrtf 5 r. klzffiLX®.W-tz> 0 ^t-ttttlroS* 

50 mm. # vzf&&<$<offiftteW*>fa-t&Ei : bz.k\ztb 
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3o KiI^y^'-tLtli > 3 -/^-*eyf, 
5ifyf, t7^uytVff©t'yf, 3, 5-v 1 

j\sm<om.M*3Lf&& b Lfcb<73/^&ff bit, Ztib*® 
g4Lfct,C0^qzi^i&g5~3 0 0 u mlzW)&Ltzt><Dfr 

tm\,tt1fibM** miwj;'?. ±lEH#&<t 

u -y y- f <7>mm® ostitis, tz nawa-ft s tt y 

-f±. ifc^ftfrgc^fcLTW^ y^? 

HE <!:-*- 9, rro*5fe-Ct3iE*at«ia*S5F^r 

[0 0 2 0] S7L, 8SE<OS?#-C-*>5, flfJlBWS-&^iSr 
¥M'g5/(raK±10 0yni*i. ^O2 0§^77" 
&f(09 •y7m&*0. 7 0 g / c m 3 J£J,± £ ft 5 £ 5 l= 
ISMi-Sr tl:ibTieqt5„ 5 m m*W 

fc'h*^*frtt. Jt*ffia«?«Wmm:S'F^riS*S*roit 

5«jt«5WJH«r^t. 4fc. ^fe^ 1 0 0 
//mSrgtt^^v^ y ^^X&Hfll^.t Lt 

HJH*S££S. JEIC asBrftl*-eoRJS«>i&-H4. ft-?- 
F*3£|$T-CDL U^^StiD^t^A^f^StSO 

SriSSU ri>o2 00^ y?m<r>9 y 0. 70 

iiHLtlii^ts, *MBt&**m<&* yT'tttfWjfflJfeffi 
14.1 IS-K5 10 1l:SS$ntfcti. ^ixi^i^SJiL 
-CSO^Lfco s/^SSr 2 oiHlw^ j/^l§]#T?£ 

S c 4fc. 2 0 y 7"^©^ y T'fgWSST 



< . iii*sfc«>tc»XiBEf^«B#Hiaj5H[rom#BSrffi^fc 

7 p ««©*J»'Mt5 Z. bit. g-&«<0|RWi:Urffl^5 

\zt£%±x®&Rtf&^\zfcZXirt®.-fZ>Zh\zS: Y>m 
10 J&£ix5„ !SWJ!fMBrosp*&il4Ali. m8ob-tZ>mm±l& 

mttnizm^X. ¥W5^m6l±10 0jimm 
#>0 2 00^ y7*$$<D# yyiS^O. 7 0g/cm 3 

a x ^ffi a -rn if, taf> ntz *x&im <om 

1 0 0 2 1 J £ix<7> «t 7 tc, ±fas# ( 1 ) , ip*> Wis 
IB— 4 -ew-r^r & fs]B#(rffifc-r r. t 

y ^^^XfSfcm?t!l*^fflS*«-!^i: ur, 

30 $tU-5IC^o7t 0 

[0022] Mtw, ^m<D , j^<>^—^m,m'^mmu 
^©ittttt, ±ib«# (1) ^Tjn^r, tmea-frM 

C^Sr£ATrolESfi^-C±ffia# (2) <tPf^„ 
35 [0 0 2 3] ftftfa&£-tt$r*MQ.3 Ltl^i?rMt5 

fc^jrn, ^iMttt#ffl«TT 7 0 o'cjy.x 1 5 0 or 

WTW£gt«lt5 C i ^It 7 0 0t6l± 

1 5 0 o^Tx-roiw&siii, a*«fo«jHr/w ^ 

40 ?'-5r»$t5t©t-fc5 0 tWfiSli, ^^«/<^ 
>?-<DMmizm-£X . ±8Effl«ttfflrt 

K:^-rniiS^o wOAofi!\?ag*'7 ootiDisi^, 

^3RW^W>'^-«r3(E^«-(kL^<u\ 150 

o , Cit)i5<Ttj^i/^5 > 1 5 o o°csafcn«. ^y 

t5:im5WT, 1 5 0 0tgfif^fii)S o 
BP*p. Xf5S# (l) lzto*.X, an^SirioTS-g-fe 

co^^ff^^-f ^y-zmitvob vtz^mm commit . >j 

50 "to 
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[0024] sfc. asewoy TVM>-frm,mikmmtf 
wg#tu, (i) i=ao*.-c, fftmrnmu 

SCfcT-hK5# (3) rwm&Mtfeli, *MEg 

^to«r&K»aSDT&{fcMS*fTofc8L 2 4 o Ota 
±300 o'CEATT-mf&'fk-t-Swiic,}: yn<bfrz>o m 
mitizftiL-omtmmi*, mn. 7 o o < ctA± 1 5 o o 

wConibMtjaa* 5 240 one* wen, fcmw^ 

m®m<omm%ft\c&biite\,\ 3ooo t c t t 

-e^-e&s, bp*>, ±ie^# (i) izmtLX, mtzm 
munzmmimt-tzz. t \z& vniotihtmi-t. y 

ioo2 5] $ibf3 N &?§w<Dy <f-fyj±z&.n.tfcfi.imf& 

WW)«ttibT. ±IEg# (1) ~ (3) (dADX-T, 
# (4) iP¥^c IP*>. ±1ES# (4) tt, JbSBg# 

(i) tfttLfc2oiii^yy^5'ywo. 7 

Og/cra 3 »±t^5l#I^Bxt, 3 0 00^5/7* 

^^j/7fS0. 8 5g/cm 3 S;Mt5wil:J; 
•3, LX<D!&&tf£ <b\z&W£ttZt\,^o t©f 

fc-5o *36W<0JblEB# (1) ©*j£«>RW-:m*-C, 

fe^-TS r. <k SriB^fcriS, r CT-Hiw, 3 0 00^-7/ 

7"^F<0^ yr*ft*5o. 7 0 g/c tn 3 y±T-|S]#-t:-fo 
•5 2«ffl<E>8>tfcA, BlCjol^-C, $&#A<D3 0 00* y 

ZtltfO. 8 5g/cm 3 «K'fc5tt5i, IIS 
tctJ^TIi, -^«±©»«afSrta?B«ffllfc IT, $ «b 



ir^bftS, BP*>. 3 0 0@^yyfSAiO. 8 5g 

[0 0 2 6] £b\z, ^— ft«»Affiffl 

05 ±IBg# (1) ~ (4) irAD^T, 

ksw* (i) ~ (4) izmzlx, m.m-£mm*-iE<Dm 
&si±\zmib?>zk. ttmmm^-^muTizmmi- 

twT. ±1ES# (5) bW&o «#S:*«t58?T? 

z.ti\zM7tx, mmcD&mTtm^mm*^, mmsitn- 

So S*Mii»:9 9fi%*Srog^, ^FM#)^JSco 

i^gpiw £ 9 . nMmm<D&iuz xzy-j? ^wtt©<ST 

W4£9 9fi%«±, fftL<H9 9. 5fi%tl± 

t-rz, 

25 [0027] pjc< b ETttmmmizmisxmw 

30 «t=-CS*^«rK*$*-C» ^r«?«jtsaK3SFfti»Sr3fti{) 
5: ttr«t 9#«bix5. ncOBETj£tr«t-5Jt^ffi®/45 
5m 2 /giitf;i^ A«««^8!roBR^SElXiBlw 

»*s**i:*9^#e*»«***tan-t-5. *>5VM43E»« 

So 

[0 0 2 8] W±wS#SraSfci-r.«ttc:i: 9. !Jf 

Lfc y ^ r & 1M ASWWitlft ^ ft 5 ^ t ^ 
45 $ftfc 0 

[0029] mz, ±.$z*&m<oi) ^^^-^Mfk^ 

[0 0 3 0] *«BJW®it*)Sf±, &A 

so o n&%u±izm-r z> s -essea^tos^tro fc^ tc . 
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fg&-&4&l£ 7 0 0-1 5 0 0 < CT-^tSl>*/^fc(4 2 4 
o o~3 o o otx-mfelt-f Z>Zt*ftWlkirZ>, 1)3- 

TcoiEsBT-, ±IEg# (6) b*t&. BP*>> 

t-#5:t^it-fc5 0 z.z\-?-aomm§utkt±. & 

5 /K i/^ s> f- S /K U/f^-y Ki/K — /US /u<fc 9 
affile:* b»4. JS^Sr»»i-5S()*i: b 

STt4?,t*!)5rt^ ±IEM# (6) Srfc-*- 

®i&*&&m}&Vi*iL z Fiz£<itvx . y f^at^ 

co Jgm H§8 <t b T ffi v >igtt bnsi JtJE 

«J«r»fc&. %%m.^m-k 7 0 OtWl 1 5 0 0'CKXTT- 
^S.0 5 /*fcl4 2 4 0 0t£i±3 0 0 0X:UTXm§B 

it-rzzttz&y . setiir-rs y f^lWlftSffl 

TO^IIb^?), 7 0 0 C C«± 1 5 0 OtaTT-Oife 



*mi&tiit, frifc%k%'<'( ^y-zmitzitz trot- 

fBtffia«S7 o Ot^ ^SIK^W 

05 K^HbbCX V\ £fc. 1 5 00 < CJ: , 9ilb<T , b&V' > 

a«» i 5 o otss&htf. m.$kW'<4 

jjs-c-i* 5 i 5 o otifim-e^s. iro^tfeii 

10 7J»IR»l«KlfflJ: bTffll^r t^T-#5 
4 0 0°CJ^±3 0 0 0 < CJyTco?aa-CHffaMk*aS-r5r 

15 -O-^-wH^b^lD^ilffb, r *>, ?>!::.£ 9 SrttS 
HwK^'5itAD^#b*v2). Z<Dm§8fciB.&tf2 4 0 0 

V\ *7t, 3 0 0 0tJ;9ft<Ttav^, gc^tt^g 
20 ^ftt*^ 3 0 0 OtWTT-te^tfc^. 

[0 0 3 1] *^^T"i4, ±IE^ (6) 13*0 x. 

T, ittJlE^JSri 5 , -y*vK ->y=>>, 
( l«Sfctt2«EA±ro&JII-efc5 Df7AI 

'jSc«ft*ffifflm»ro*!it*«fe-e*>5ii:7iS»* bv\ 

25 [0032] ^ii±, m^^^x^<<D^mtmm^ 
ajwa^fiii. fflv^^jsat-i t)^#<s^t). 

;t!3\ =s/^H4 2 0 0 O'CtCjo^T, &J2 0l&*%<D 
30 ^^^^tr^i)!^Si?r^ l 7#, rnsri 5 oo-cs-ejft 
SPbfc^lrffliS2 o^%cort, ^ 7^%ict@^-r-5 
M*dtlMdj: b-C«f!±Ji-5„ ^lltciotli, ^?ai^ 

fcco-^, g»Lttft«Si bTt/rtUbftv^cD^ 

35 fe 1 ?. -ix^li*%B^co^JRi: bTffl^-5t;ii$^l\ 
IP*,. 'M<Hft, =y-{ryU N '>!)3V, n/<yUhi: 

• mjtfiS-g-bTtWSr^ett^ffl^T-eiS^D 

ISS# (3) Sr«S7ti-Kjt«r^T9-i:JwJ:9»c>n<5*f 
40 nti. !)f CAl^liIi: LTSnfcitttt^t 

[0 0 3 3] *55Wtt. XI5S# (6) IzMA. 

wtmzioitz&km&omMVimx&zz t zwmt-t 

45 -5 y f ■> AIfttfl!!*lfflIfS©Iil?ji* tfo o ttfi 
v\ «I4. 2 5 0 0'Clr*3l>T < 2 5^%<D^3SS: 
^tr*gfiMfcJ§ ^ix^^iPbTcm-g-l'. ^co® 

■TS. M^7'D-fe^lcjoV>Tli. KaxflliT^^Sr^ 
50 ^fc*ffiftJ8R£(P«9JW#e>*t. *©S««©B»&V» 



&m 2001-357849 



Sfff3ISI:T> KAttiUritTtf 90t***«rtbU ^£ 
•So t-fnmmmm-i. @imspgr-4 o~e of 

i%gat-fc5„ (2) wyf 

&i31LT±!Eg# (3) «r«Sfc-t-MitSrff5^.i:»-J:9 
[0 0 3 41 &fc, #3£BJfi. ±ISg# (6) KiQ*. 

5 r t m t -r 5 y ? a tmrostig 

S-J;9, *»«J»r^j58;i-5*r*s|-«5il!ftS'b*#*ie«*S 

5 jimHll 0 0 nm&ffi. M£ b< (4 5 ~ 
50(i m<D&fflX*1bZ>. r. WffiH^ "CW:, ^Wffit u 
toJttt, ttfflttro^-C^i. W«s|-*#&«>SF*&J|aS** 3 
^m«±3 OMmttTit^r iKJ:*), igZEftg-g-O 

[0 0 3 5] #3§HJlti, _hlE^# (6) (rjD^: 

[0 0 3 6] £7t, *3gBJl4, (6).t^Dx. 
»1 0 0ff*SB»c»UT. «*«/W>-y-^l 0-7 

g-g-t'i-s-^, i ow*»*«-ctt. ^»*M&i§i±a>** 
[0037] lEMftVo'g. &mm® 

■C. -hfEH# (1) ~ (5) <D, t tftr*T,«»S:« 

±I5S# (1) ~ (5) WW 



14, y f-?A-ft«J|feA«t U"C«lxfc4#ttSr»*,, ^ 

[0038] *?swro y f - a -^MM^mmmn-km 
s^roy^ jB#m»w. ^yxh^^/u 

t'=!)f> (PVdF) §©7yi»»*fe5^li 

f/Wyy-llLT, N-yf;Ufn!) (NM 
20 P) . 'Stf-frhfr&T 5 K, £>£l^ii7.k, T/l-=>— A- 

[0 0 3 9] *|§B^<73^®g^®l4, iE«g»Wi:** 
30 [0 0 4 0 ] iE^S^«<t LTI4, gnjxfi*, y^A-g- 

&m&&mmtydL iM cd „o 2 c^c^, xitosx 

Sicjfflroftlf*?. stf, M ( l ) ttm»&mi: 

^L, Co, Ni, Mn, Ti, Cr, V, Fe, Z 
n, Al, Sn, I nCD? V>ft< t 1 W&frbti 
35 S) , ^VM4. LiM (1) ,M (2) 2 .,0 4 (5£f>, 
yliO^y ^ 1 <7?i5iaw*ScfflT-fo , M ( 1 ) , 

M ( 2) li^^^mSr^L, Co, NM, Mn, Ti, 
Cr, V, Fe, Zn, Al, Sn, InC>i> < 

fct)iMa>b4s) , s^m*^="/wtfe (t i 

40 S 2 , NbSe 3 , ^) , s<-rWJ*mi\L*to (V 2 O s , V 

6 o 13 , v 2 o 4 , v 3 o 8 , m RTf^nv^-VMk^ 

Vo. -fe*M,Mo f Ch,., xli0gx^4, 
yliOSy ^ 1 WSSBro&ffi-Cfc 9 , Sf, MI4S^ 
m?rliC*6i:-9-S^:m, C h l4*^3^^7c^Sr^i-) 

mum. »«rffl^5:tm5. 

[0041] ftfr&mmm 
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K ^^yU^yU* — — K 1, l-v>> K^r 
♦>m^^, 1, Y**s=-9ls* 1, 2-v>^ h^r 

/ujc — f^, ;*yM^>\ ^^/u^/b^7>-, Tir h — 
y^yK W^fhy^f/K ^hP^v, v 1 ^^ 

is* ^yv^yutf^v' h\ 3 ^yu- 2 -^-^ri^ ✓ y K 

[0 0 4 2 ] m^¥®i: ITIi, se*«t 9^*a<Ofc<OS:(sj 
ht)ftffit5ri*"Ct, Wa.fi, L i C l 0 4 , Li 
BF 4> LiPF 6 , LiAsF 6 . LiB (C 6 H 5 ) , 
LiCK LiBr, LiCF 3 S0 3s Li (CF 3 S 
0 2 ) 2 N\ L i (CF 3 S0 2 ) 3 C, L i (CF 3 CH 2 
OS0 2 ) 2 N\ Li (CF 3 CF 2 CH 2 OS0 2 ) 2 N, 
L i (HCF 2 CF 2 CH 2 OS0 2 ) 2 N, Li ( (C 
F 3 ) ,CHOS0 2 ) 2 NU LiB [C 6 H 3 (CF 3 ) 2 ] 

4 , men i m*fr\±2m&±<Di&<&yo*mfz> z. t&x 

[004 3] £A±<D£o\Z s y^^A- 
[0 0 4 4] 

[0 0 4 5] ( 1 ) m^itm ( d 002 , L c ) 

m&<Dxm*¥-?r¥-J*iz=i y h l. s^ft^y^ 
(002) ®c:#tj£-t-£ e 6 -^ ^^j^:-r^ 0 ^ 

x^^htotzmuLtzo 
[oo46] (2) ttm&m 



[0 0 4 7] c 3 ) mMftmRifmm&mmfe 

Z^A^m@?S^. 8 0tt«UN 
MP£^§$it/c&. 1 Omm^lK^ftLT, 

^ L i C 1 0 4 £r 1 m o 1/1 Offl^^ig«¥L)tk<Z> 
15 m> »«#K5t«8fEtt« (0. 1mA/ cm 2 ) "CfT* 

») L7t 0 wtn]5£m^*. ^sstm^s, ^ffl^^m 

20 [0 0 4 8] (HfiPJl) 3^^»*4kgtft»* 

l 2 k gSra^Ufca, Ig}?S(:An, cm**^ 
^*p-eTyU=f^«jSt«t , T?2 0 0 0 < CK#»inlfcU <££P 

Lfc*MMt*4M6 l k g Ltco mfrfttUfe 1 0 

s b*w^ixsr#*<07k"ea»«aufca, ^120 

o CT2 0PtF B 1£iltt, tB4S»6 0 0 gtftfe o » 

30 tfil»4 0 0 gSr#t. ro4riMfc^fc*»«f«-J:5A 
«^«*0«K-tt, 1. 2«*%-C*ofc 0 Z<50 
»*4fiR4fcO|Rftft*tt, d o02 =O. 3 3 5 5 nm, 
Lc>100nrati)^ JRV^flUft^tftS:* L"CV^fc c 
[0 0 4 9] !W»*itt3 0 0 gHJtU n-yu^- 

35 /Ut e yf «ft^8 0t) lOOgSrfi^U 2 00 

8 0 0t^gT^fftt/t o Sir, rftSrJMSK 

«ES 27/i m<D±J&ffi 3 2 0 g Sr»fc 0 
[0 0 5 0] »bJxfc*rit*^>»#Mb«H:, d 002 = 
0. 3 3 5 5 nm, Lc>100nm, it^ffiflfJi 1 • 
45 0m 2 /g. 2 0B*$/^^-^W0. 73 g 
/cm 3 , aOOS^y/^^y/fS^l. 04g 
/cm 3 T'fcof: 0 ^7c, j#bnf:4^»^k^tffl: 
J:S4JR5F*filtowtttH±, 0. 2«ft%T-fcofc 0 
[0 0 5 1] w^tt»03E*«»ttll, WJElgi^ 
50 3 S4mAh/g, »tSt^3 6 8mAh/g 
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[oo52] (nmm2) mmyv±x<Dmm?* h t 

trAiV ^?&T*1 2^^Lfc^irJSilL. ^btwi 
tv^#*<737KT*i5fe)^iSiib3tm, l 2 O^CT- 1 2^$£ 

M±f&V>) 8 0 0 g fc#fc Q r <D£^wte^:£#f K i 5 
^JS^^co^ffii, 2. l^ftyoT-fcofc,, r 

©tt*£j*#>«>IMWIS*tt:, d 002 = 0. 3 3 5 4 n 
nu Lc>100nmf*0, S5t ^H&Mt^Sr* LT^ 

[0 0 5 3] r<OS*SfS4 0 0 gl:»L 1 a-yU*- 
^t'yf (Rtt8 0t) 120gtS^U 2 00 

<c, 120m zi=-y-T-i^uc, #cssi-*£g 

8 0 0t;©ifiSr^i£L/c„ JE^, C*L«rJiM&«{ 
cotfl-igiiciAn,, 7f yy^^ywlfbMtJpt 3 0 0 0°C 

2 5 /x raroM 3 8 0 g £r*#?t. 

[0054] #?>nfc^!fferomfeMkan±» d 002 = 

0. 3 3 5 5 nm, Lc>100nm, Jt^gjfSfAO. 
8m ! /g, 20@^5'7^^j'7 , SSiiS0. 96 g 
/cra ! , 3 0 0 0* y r/n<T>9 yy*&gtfr 1 . 14 g 
/cm 3 -C£>ofc 0 *fc, »e>ftfc£lflMfc«Mfc:*#ffl= 
£3#JR^^wi&fm, 0. lfi%ffcot 0 
[0 0 5 5] IDE^mSfi^ 5 
3 8 7mAh/g, UJEDSfcttlSS/i* 3 7 1mA h/g 

it, 2S@^<05E^mi-*5V^-C'b, l^m^fittfSi/u 

[0 0 5 6] (H&0y3) Sg&T'n-fe^WjKffly* hi 
b-C»*l 0 k gSrlHUSUfc. C*l£|g:tgg?5 0 JJ y h 

rtv^#»(D7kT-i5t^igjgL^m. 1 2 otti 2mm 

ffi*»jftSrtToT. ¥*9*ftSl 2 /im«>l93|5fefiS;*3. 

roi&tBi. 2. Hti%tJbot. itf>l»*£j* 

feXOH&MkSli, d 002 =O. 3 3 5 6 nm, 'Lc>l 
OOnratfc!), Kl^JSMB-ft:**-* Utl'/:. 
[0 0 5 7] ~ <0*&*Slb v 2 k g = — /V*— /U 

t'->f (*Mb&8 0 < C) 0. 6 6kg5rg-&L, 200 
C C. 1 2 0»B, Zl--y-T'l^tfc„ 
SrtfL. it&ttfiii^ofcit^?r^i|l^^L. HfB 



Tl 4 0 O'Croi&AT^SMfcb*:. JEfcrftfcJWIk. 2 
^^St I, sp*S«t@ 2 6m 1.8kg 

05 [0 0 5 8] »fe;frfc£/i&»0>JiMMl:«tt, d 002 = 
0. 3 3 5 6 nm, Lc>100nm, ifcSS®i3 1 . 
2m 2 /g. 2 0(Hl^ y7&f<Of S/T^fl?/* 5 0 . 7 2 g 
/cm 3 , 3 0 OIh]^ -;//B#C9^ S'7'^S* S 0. 9 7g 

io iS^JR^^Wij^tHi, o. 5fCfi%T-foofc 0 

[0 0 5 9] rroW^cO^Kmittttli, flJE^m^firi 5 
3 7 3mAh/ gl fflftffti i 3 5 4mAh/g 

X\ «jJH*SrttS**i4 9 5%iv>5feS*s»e>lxfc. * 
7t, 2[El@wm<7?5£Stlttr*3^Tt> < i%m^fit±t5i/^ 
15 i*^fc"b1\ «ixfc*>f ^/H«4*ra%-f4ir. ffivMWE 

[0 0 6 0] 3-^^»*3kgi-y<r 
/u*»5kl 2 k g Srjg-g-Lfcm. Hf&SSI^AiV r^Sr 

^^^T-TA^'^aft^ 2 o o'Cic#?ajbDfnu. 

WW L/tfe^k-g-^iKl 7 5 0 g SrlHliRLfc. rix^S^ 

s?i 7 ym<D i : i m&Mm i y h^Att, ^ta-e 
LfctL i 2 o'er- 1 2 ismr* ut. »fc 

1 2 n m<Dffll££.f&yo 3 7 0 g SrW/t. 

(Dit^ftm^ x z>-&m^mwo<F>m%Y\-t. 1. 9ii%f 

fcofc. Sfc, iwJS&*M»mafeMWli, d 002 = 

0. 3 3 5 5 nm, L c > 1 0 0 n mXh <0 . 
30 'fk«Sr#b-CV^ <> 

[0 0 6 1 ] :©»*if&3 0 0 gt>ftL, =— z^ — 
yufs/f 1 (tfc-fb.^8 Ot) lSOg^jl-g-b^ 200 

*c, i 2 om, zi!=-y--eg-s-L7t. 

35 ©co±ff^t-An, JJ — h's*>"*'—f"f7<Zfi&aujt3P 
•f, 8 0 0 < C<7??aSr^*'fbL/c 0 JEJZ. 
Ot&^^AtL, T^yV'^^ 7"OHi&'ft^^3 0 0 0*C 

Sf^ 2 5 i* raWMft 2 9 0 g Srt#fc„ 
40 [0 0 6 2] »e>ixfc^fiS;«jwllHB<k«tt. d 002 = 

0. 3 3 5 5 nm, Lc>100nm, ifc^Iififi 1 . 
lm 2 /g> 2 0@^5'7'^5/7'iSA!0. 74 g 
/cm 3 , 3 0 0@^y7'^»^7^gAiO. 9 7g 
/cm 3 T-foofc„ £fi. nhixfz^^KDitm^miZ 
45 «t5&JR^M^<0^li. 0. 6fI%ffcofc„ 

[0 0 6 3] r CO«"i|Sfro^Km#ttl±. «]lE]?E«SSA> 
3 8 6mAh/g, ^ElifcfSSa^ 3 7 0 m A h / g 

50 i'S^b-r, ffnfc^^zwettsr^i-i^. kvmwe 
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[0 0 6 4] (3SJS0J5) =-^^*lkgt'>y=» 

y-7y^t7^^y^ffi^T2 5 o o'Cl-rfl.j&Snffau 
**PLfc. Rl5*fcH»R«**r»fcaL affile 

t/rffl L/iat^» 6 o o g L/c 0 zn&mn 
mtyym<D\ : ljg-^jgifci y * h;H::An, iat 

-e8MMfc«Lfc«, l 2 0fei 2WWJtt»Ufco 

gl5Mm(7)©*»3 5 0 g?r#fc o Z.<0±tSM&<D 

4t*&mz£&&m*mmn&wrtti* 7. 5ft%t^ 

[0 0 6 5] :^SS^3 0 0 gi:»U r^-yU^- 
yub°>y^ (WkjS8 0t) 9 0gS:iB^U 2 0 0t, 

tttWeAtb, y— HVnv^— ^ajBttt^KJP^ 8 0 

An, r^y^^-r >^iMMfc*p»t»3 0 0 o^-cawa 

2 fi xn<D^mfo 3 7 0 g ^t#fc 0 

[0 0 6 6] »feftfc£/a»o«i^fc:flEtt, d 002 = 

0. 3 3 5 5 nm, Lc>100nm, itiiSfil. 
0m 2 /g, 2 0@^y^^S//W0. 96 g 
/cm 3 , 3 0 0@^^^^Wl. 14g 

[0067] r mtPc<D%mm£f\&&, ^H^ttt^ 

3 8 0raAh/g, ffl(H]ftlft^3 6 1mA h/g 

[0 0 6 8] (Htte0iJ6) a-^»*2kgi3^ 
h»*8kgS:fi^Lfca, IftSStAn, ^ix£r^ 
V^V^T*T/u^:^^*T2 2 0 0 < Clw#?fijJP?K\U 

i 2WHHft«Fbfcajw«iau, s feKcn«r#ao>7K-e 
8fciMt»Lfc«L i2oti2Wflg«u B ?#«bn*: 

mOft^i^ 5 g ^ ^^^JCO^^ 

WlcJ:6A*^l«»OlBtt-tt, 1. 5li%ffco/: 0 

[0 0 6 9] ^60 J: 9^L"CW«LfcK**t2 0 0 g Id 
#U vu^ — ;Hfs/f (ftft^SOt) 6 7gSrfi 

-&u etfmmu tmm<o^mz£v , mt. mm 

0 g Sr»fc. 



[0 0 7 0] »feftfc£j*tt<0S«te«tt. d 002 = 
0. 3 3 5 5 nm, Lc>100nm, Jt*ffifBfi 1 . 
0m 2 /g, 2O0^y7^W!y/WO. 73 g 
/cm 3 , SOOlHl^y^^y^S^O. 98g 
05 /cm 3 T*foo/c 0 Sfc, »&itfc±/*4fc^fc*#*rfc 
£S£**«4fcO»etH±* 0. lft%Tfeofc 0 

[0 0 7 1] Z<Dttft<Dfttk9.ft&\** IDE****** 
3 7 6mA h/g, ^[HlfttSl* 3 6 0 m A h / g 

[0 0 7 2] (ttttMl) ^»»S:*""^$/WrT*& 

is <Dmmn&m*tMt<Dmti±* o. 4 n 

fiMfcfil*. d oo2= 0- 3 3 5 5 nm, Lc>100n 

OgfcR^U 2 0 0t, 120m zS^-^--e 

^>f^oii««srt;«p+8 0 ■o , c^aft-e«*<kUfc Q ^ 
htTOtt82 5^ml:ttjEillU »«&K»««ca 

25 JIMWtLfc. 

[0073] »e>nfc*j««o««&^«tt, d 002 = 

0. 3 3 5 5 nm x Lc>100nm, ItSffiSftt 1 • 
7m 2 /g, 2O0^77 P ^^^^S^O. 68g 
/cm 3 , 3 0 0H!^5/7 P B^y7 p »0. 7 7g 
30 /cm 3 T^o/c 0 Sfc, »6>ixfcftjWlfcO-fk*»tff^ 

[0074] r.ow»o3E»«*Mttt, w&finm&tf 

3 9 0mA h/g, »tti^3 4 5rnAh/g 

35 [0075] {&mm2) nmm2tm^mmyv-t* 

(OtMPx h 2 k g Lfco rnSrHJteCT 2 <b 

ot, 1 0 m mO»*4«ft 8 0 0 g tflfc, 

-40 2«*%-efcofc. Sfc, r^»*^*»o*«<tflC 

te, d 002 =O. 3 3 5 6 nm, Lc>100nm^fo 

[0 0 7 6] wO»5RJ»»4 0 0 gKStfU =1— A^ — 
yUfcV^ (WLS8 0t) 120gS:fi§U 200 
45 °C 12 0M ZS^-^»T'l^Lf: 0 JfcSJlwtt* 

J: *P , sp*&ttS 25m mC0^^4 8 0 g Sr^fc 0 
50 1 0 0 7 7 ] »5>ixfc4fiS»^>l»»ft«»i. d 002 = 
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0. 3 3 6 0 n m, L c > 1 0 0 n rru Jt^ffiWta 1 1 
mVg. 2 013^5'7'Wy/fS*!0. 56g/ 
cm\ 3 0 0\3* yy&f<V* y7®9t&0. 7 0g/ 

4£K*#Mfe«?fcfH±. 2. lfi%T'fcofc t 
[0 0 7 8] rw*m©3E3tt««4Ht, *DE13i5«S**s 
3 4 9rnAh/g, IDIhI&^SS* 5 2 9 7mAh/g 

'>U 3 0H©3lE*Wt*-Ctt. Hi El B 

[0079] it&m i , 2 -e»e»Hyt*»*t«5ttiiBSr. 
mmm 1 ~ 6 1 *t££-r s t . **w<o*fB*r«)**s. » 
tit, «o»i3(ttt«jai*. m 9 /HW*«>«i4«4tt« 



7n v K^— Oc7>^£# 



[0 0 8 0] 

new©***] **w»=±9. u 



(72)*9§# SEB <5§ 

=P*mS)*rPffS20- 1 SrB*MiS**5>:- 

(72) ^BJ^- £B] ffiffll 

=p *ms*rfiiffS2o- 1 gf b *mm®m 

F# — A(#3f) 4G046 CA06 CA07 CB02 CB09 CC01 

EA01 EA02 EB04 EC02 EC06 

5H029 AJ03 AK03 AL07 AM03 AM04 

AM05 AM07 BJ02 BJ14 CJ02 

CJ30 DJ16 HJ05 HJ07 HJ08 
HJ14 

5H050 AA08 BA17 CA08 CB08 EA10 

EA24 GA02 GA05 GA29 HA05 
HA07 HA08 HAH 



<72)«f§# ?zffi urn 

sc»jffii*niiiffi«ffl*»r3Ti26Sii& m 20 

<72>389§# fe£ BBS 

Mfi5Ji?ta*oajrfiSfflifBr3Tg26#iiij m. 
(i2) mm^ Mm ±m 25 

m^ : fRB5E^:^fflT2-6-3 #rB# 
<72)369!# & 
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(54) NEGATIVE ELECTRODE MATERIAL FOR LITHIUM SECONDARY BATTERY, ITS 
MANUFACTURING METHOD, AND LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative electrode material having a discharge capacity 
of the highest level of flake graphite such as natural graphite or the discharge capacity equivalent 
to the theoretical capacity depending on graphite structure, and solving such a problem of the flake 
graphite that irreversible capacity caused by side reaction in the initial stage of charge is large and 
discharge capacity in use under high charge/discharge current is low, and to provide the 
manufacturing method of the negative electrode material, and industrially provide a lithium 
secondary battery using the negative electrode material. 

SOLUTION: A carbon material is obtained by heat treating a kneaded material of graphite 
prepared by treating carbon deposited in a cooling process of molten state metal and carbon and 
having a carbon content of 90 mass percent or more and a carbonaceous binder, and this carbon 
material having a specified range of average particle size and a specified range of tap densities is 
manufactured as the negative electrode material for the lithium secondary battery, and the lithium 
secondary battery is manufactured by using this carbon material as the negative electrode active 
material. 



CLAIMS 



[Claim(s)] 

[Claim l] The charge of lithium secondary battery negative -electrode material to which the 
carbon content which processes the carbon which deposited in the cooling process of the melting 
condition of a metal and carbon, and is obtained is the carbon material which comes to heat-treat 
the graphite more than 90 mass %, and kneaded material with a carbonaceous binder, and mean 
particle diameter of this carbon material is characterized 5-micrometer or more and less than 100 
micrometers, and the tap density at the time of the 20 times tap being 0.70 g/cm 3 or more . 
[Claim 2] The charge of lithium secondary battery negative -electrode material according to claim 
1 characterized by the carbonaceous binder of said kneaded material being a carbonization object 
by heat treatment. 

[Claim 3] The charge of lithium secondary battery negative -electrode material according to claim 
1 to which said carbon material is characterized by being a graphitization object. 
[Claim 4] The charge of lithium secondary battery negative-electrode material given in any 1 term 
of claims 1-3 characterized by the tap density at the time of the 300 times tap of said carbon 
material being 0.85 g/cm 3 or more . 

[Claim 5] The charge of lithium secondary battery negative-electrode material given in any 1 term 
of claims 14 characterized by a specific surface area according to a BET adsorption method being 
below 5m 2 /g the carbon content of said carbon material above 99 mass %. 

[Claim 6] After performing high gradeized processing until a carbon content becomes about the 
carbon which deposited in the cooling process of the melting condition of a metal and carbon more 
than 90 mass % The graphite obtained by performing grinding and air classification using the 
grinder chosen from the impeller mill, the jet mill, the lei monde mill, or the ball mill, The 
manufacture approach of the charge of lithium secondary battery negative electrode material 
characterized by ****(ing) a carbonaceous binder and graphitizing this kneaded material by 
700-1500 °C and/or carbonization at 2400-3000 °C . 

[Claim 7] Said metal is the manufacture approach of the charge of lithium secondary battery 
negative -electrode material according to claim 6 characterized by being one sort or two sorts or 
more of metals chosen from the group which consists of iron, nickel, silicon, and cobalt. 
[Claim 8] The manufacture approach of the charge of lithium secondary battery 
negative -electrode material according to claim 6 that the melting condition of a metal and carbon 
is characterized by being in the melting condition of iron and carbon in the melting pig iron of an 
iron-manufacture process. 

[Claim 9] The manufacture approach of the charge of lithium secondary battery 

negative -electrode material given in any 1 term of claims 6-8 to which mean particle diameter of 

said graphite is characterized by 3-micrometer or more being 30 micrometers or less. 

[Claim 10] The manufacture approach of the charge of lithium secondary battery 

negative -electrode material given in any 1 term of claims 6 9 characterized by agitating and 

****(ing) said graphite and said carbonaceous binder, heating to the temperature more than the 

softening temperature of this carbonaceous binder. 

[Claim 11] The manufacture approach of the charge of lithium secondary battery 
negative -electrode material given in any 1 term of claims 6" 10 to which the **** rate of said 
graphite and said carbonaceous binder is characterized by a carbonaceous binder being 10 - 70 
mass section to the graphite 100 mass section. 

[Claim 12] The lithium secondary battery which comes to contain positive active material, the 
negative -electrode active material which comes to contain the charge of lithium secondary battery 



negative -electrode material given in any 1 term of claims 1-5, and a nonaqueous electrolyte. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the negative-electrode active material used for 
the lithium secondary battery and this using insertion of a lithium and an elimination reaction. 
Discharge capacity is related with the negative electrode active material greatly used for a highly 
efficient lithium secondary battery and this highly efficient with few capacity losses at the time of 
charge and discharge in more detail. 
[0002] 

[Description of the Prior Art] The lithium secondary battery using carbon materials, such as a 
graphite, as a negative electrode does not have the dendrite generation at the time of the charge 
which poses a problem, when a metal lithium is used, and it is actively studied from it being a 
reliable cell. By forming the so-called graphite lamellar compound which the lithium inserted 
between graphite layers at the time of charge, especially when a graphite is used as a carbon 
material the case where occlusion of the lithium was carried out into the negative electrode at the 
time of charge, the generation of a dendrite which poses a problem was inhibited when a metal 
lithium was used for a negative electrode ingredient, and discharge potential also uses a metal 
lithium - comparing - 0 0. 1 - in order [ that it is / about V / high ] not to be alike too much, it has 
the outstanding property that high electromotive force is acquired. 

[0003] However, that configuration, structure, and the organization of a graphite ingredient and 
the carbon classified are various, and this difference is reflected in the electrode engine 
performance. 

[0004] When scale-like graphites, such as a natural graphite, are used as a graphite ingredient, it 
is known compared with the artificial graphite obtained by carrying out graphitization baking of 
the mesophase microsphere described below, a pitch based carbon fiber, the pitch coke, etc. 
according to the graphite crystal structure which progressed highly that a high discharge capacity 
will be obtained (for example, 40th cell debate 1D14). However, in a these scale-like graphite, 
there is a problem that the initial irreversible capacity resulting from the side reaction which 
advances mainly near the graphite layer structure edge is large, in an initial charge process. In 
addition, in a natural graphite, since the carbon mesh plane layer is carrying out priority 
orientation to the specific direction, the diffusion direction of the lithium in an ingredient is 
limited and, moreover, the diffusion length is very long [ these crystal structures ]. Therefore, 
when it is used under a big charge and discharge current, it is thought that it is difficult to obtain 
a high discharge capacity, and practical constraint is received. 

[0005] When the mesophase microsphere extracted and prepared as a graphite ingredient in the 
phase which the optical anisotropy phase of a mesophase pitch generated spherically is used, and 
development of the carbon stratification plane after graphitization is inferior compared with a 
natural graphite, there is a problem that only about 80 - 85% of discharge capacity is obtained 
compared with theoretical discharge capacity. 

[0006] A pitch based carbon fiber is also variously equipped with a property as an artificial 
graphite by graphitization processing in the temperature field of a super-elevated temperature. 
And since the many directions where the diffusion direction of a lithium goes to the interior from 



a fiber periphery and the diffusion length are as short as about several micrometers of the one 
half of the diameter of fiber from a fiber periphery to a fiber axis, The report (J. Electrochemi.Soc, 
142, 8, 2564 (1995)) that the powder which ground this carbon fiber had the large diffusion 
coefficient as compared with other graphitizability ingredients and the heavy-loading property 
was checked is also carried out. However, even if it makes heat treatment temperature high 
although the gestalt of fiber is maintained therefore, development of the crystal structure is 
checked, and since a high grade-ized processing of the pitch for securing that discharge capacity 
does not become large and the gestalt of fiber and fiber chemically-modified degree etc. is required, 
there are problems, like as compared with other ingredients, more manufacturing costs are 
applied in the phase before graphitization processing. 

[0007] Pitch coke belongs to the category of a graphitizability ingredient, although the distance 
between layers of the carbon mesh plane layer near a natural graphite is approached by 
graphitization processing in the temperature field of a super-elevated temperature, by the optical 
anisotropic texture which corks have, graphitization does not progress and, as for these crystal 
structures, the carbon mesh plane layer has not carried out priority orientation to the specific 
direction for a natural graphite. Therefore, there is no constraint under the current density looked 
at by scale-like graphites, such as a natural graphite, it is an ingredient very promising as a 
negative-electrode ingredient for lithium secondary batteries, and research of the former many is 
made (for example, JP,63- 121257, A, JP, 1-204361, A, JP,4-206276,A, etc.). However, the discharge 
capacity of the ultra-high-temperature treatment (2000-3000-°C baking) article of usual pitch 
coke has the problem that it is low as compared with geometric capacity (372 mAh/g) (<300 
mAh/g). 

[0008] As mentioned above, in case various graphite ingredients are used as a negative electrode 
active material of a lithium secondary battery, in order to obtain a high discharge capacity, the 
graphite layer structure which developed into altitude is required. There were problems - for this 
purpose, when scale-like graphites, such as a natural graphite, are used, initial irreversible 
capacity is large and a good property is not acquired under a big charge and discharge current. On 
the other hand, since development extent of the graphite structure was less than a scale like 
graphite when a mesophase microsphere, a pitch based carbon fiber, or pitch coke is used, there 
was a practical problem that a high discharge capacity was not obtained. 
[0009] 

[Problem(s) to be Solved by the Invention] While this invention has a discharge capacity 
comparable as the geometric capacity determined as a carbon material for lithium secondary 
battery negative electrodes from a discharge capacity of the highest level or graphite structures of 
a scale-like graphite, such as a natural graphite And solved the problem of a scale-like graphite - 
the irreversible capacity resulting from the side reaction in the early stages of charge is large, and 
a discharge capacity high when it is used under a big charge and discharge current is not obtained. 
It aims at offering industrially the lithium secondary battery which used this for the 
negative -electrode ingredient for lithium secondary batteries, and its manufacture approach list. 
[0010] 

[Means for Solving the Problem] The result to which this invention persons considered 
wholeheartedly the relation of fine -particles properties, such as particle shape of various graphite 
ingredients, a generation process, structure, and grain size, and electric physical properties, After 
****(ing) this with a carbonaceous binder and considering as kneaded material using the carbon 
which deposited in the cooling process of the melting condition of a metal and carbon, by 



performing carbonization and/or graphitization While this could be used as a negative electrode of 
a lithium secondary battery and the charge of lithium secondary battery negative -electrode 
material of a parenthesis showed a high discharge capacity, it found out that it was the ingredient 
which can solve greatly problems, like the irreversible capacity which had become a problem with 
the scale-like graphite with a big discharge capacity conventionally is large. Based on this 
knowledge, it came to offer the lithium secondary battery which used this for the carbon material 
for lithium secondary battery negative electrodes which is excellent in the electrode characteristic 
as a negative electrode of a lithium secondary battery and its manufacture approach list. 
[0011] Namely, this invention (l) The carbon content which processes the carbon which deposited 
in the cooling process of the melting condition of a metal and carbon, and is obtained The graphite 
more than 90 mass %, It is the carbon material which comes to heat-treat kneaded material with 
a carbonaceous binder. The charge of lithium secondary battery negative-electrode material to 
which mean particle diameter of this carbon material is characterized by the tap density at the 
time of 5-micrometer or more less than 100 micrometers and a 20 times tap being three or more 
[ 0.70g //cm ], (2) The charge of lithium secondary battery negative -electrode material given in (l) 
characterized by the carbonaceous binder of said kneaded material being a carbonization object 
by heat treatment, (3) The charge of lithium secondary battery negative-electrode material given 
in (l) to which said carbon material is characterized by being a graphitization object, (4) said a 
carbon material - 300 a time - a tap the time ■- tap density - 0.85 - g/cm 3 - more than - it is 
- things the description - ** -- carrying out - (-- one --) - (-- three --) ■■ some -- one - a term -- a 
publication - a lithium secondary battery - a negative electrode material - a charge (5) The 
charge of lithium secondary battery negative -electrode material given in any 1 term of (l) - (4) 
characterized by a specific surface area according [ the carbon content of said carbon material ] to 
a BET adsorption method being below 5m 2 /g above 99 mass %, (6) After performing high 
grade -ized processing until a carbon content becomes about the carbon which deposited in the 
cooling process of the melting condition of a metal and carbon more than 90 mass % The graphite 
obtained by performing grinding and air classification using the grinder chosen from the impeller 
mill, the jet mill, the lei monde mill, or the ball mill, The manufacture approach of the charge for 
lithium secondary batteries of negative-electrode material characterized by ****(ing) a 
carbonaceous binder and graphitizing this kneaded material at carbonization by 700- 1500 T), 
and/or graphitizing at 2400-3000 °C (7) said a metal - iron -- nickel -- silicon -- and - cobalt - 
from - becoming - a group -- choosing -- having -- one - a sort - or two -- a sort " more than - a 
metal - it is - things -- the description ■- ** -- carrying out - (-- six -) -- a publication - a lithium 
secondary battery -- a negative electrode - material - a charge -- manufacture -- an approach -- 

(8) The manufacture approach of the charge of lithium secondary battery negative -electrode 
material given in (6) that the melting condition of a metal and carbon is characterized by being in 
the melting condition of iron and carbon in the melting pig iron of an iron-manufacture process, 

(9) The manufacture approach of the charge of lithium secondary battery negative -electrode 
material given in any 1 term of (6) - (8) to which mean particle diameter of said graphite is 
characterized by 3-micrometer or more being 30 micrometers or less, (10) Heating said graphite 
and said carbonaceous binder to the temperature more than the softening temperature of this 
carbonaceous binder Churning, The manufacture approach of the charge of lithium secondary 
battery negative electrode material given in any 1 term of (6) - (9) characterized by ****(ing) (ll) 
The **** rate of said graphite and said carbonaceous binder receives the graphite 100 mass 
section. The manufacture approach of the charge of lithium secondary battery negative electrode 



material given in any 1 term of (6) - (10) characterized by a carbonaceous binder being 10 - 70 
mass section (12) Positive active material, It is the lithium secondary battery which comes to 
contain in any 1 term of claims 15 the negative electrode active material which comes to contain 
the charge of lithium secondary battery negative electrode material and nonaqueous electrolyte of 
a publication. 
[0012] 

[Embodiment of the Invention] Below, the contents of this invention are explained concretely. 
[0013] The graphite for lithium secondary battery negative electrodes concerning this invention 
performs the postheat treatment which the carbon content which processes the carbon which 
deposited by the cooling process of the melting condition of a metal and carbon, and is obtained 
****(ed) the graphite and carbonaceous binder more than 90 mass %, and used as kneaded 
material, and is a charge of lithium secondary battery negative -electrode material from which 
mean particle diameter is obtained in this when the tap density at the time of 5-micrometer or 
more less than 100 micrometers and a 20 times tap prepares to 0.70 g/cm 3 or more. 
[0014] As requirements for the graphite for lithium secondary battery negative electrodes of this 
invention In order to acquire the advanced graphite structure which is equal to a natural graphite 
about the graphite used in the first place as a raw material though it is an artificial graphite The 
carbon content of this graphite is controlled in the optimal range to that you make it deposit from 
a melting condition with a metal, and the second, It is in heat-treating, after ****(ing) this 
graphite and a carbonaceous binder to the third and considering as kneaded material, and fourth 
preparing this so that it may become tap density 0.70 g/cm 3 or more at the time of the mean 
particle diameter of less than 100 micrometers of 5 micrometers or more, and a 20 times tap. All 
requirements are doubled from the above first to the fourth, and it is called the above-mentioned 
requirements (l) by the following description. 

[0015] In order to acquire the advanced graphite structure which is equal to a natural graphite 
about the graphite which is the first requirement, and which is used as a raw material though it 
is an artificial graphite, it explains that you make it deposit from a melting condition with a metal. 
[0016] The graphite used as a raw material of the charge of lithium secondary battery 
negative -electrode material of this invention belongs to an artificial graphite in a partition called 
the natural graphite and artificial graphite in the generation process. It is most common to 
heat-treat carbon at a 2000 to 3000 °C elevated temperature finally as an approach of 
manufacturing an artificial graphite, using the raw material used as a principal component. 
However, in the artificial graphite obtained when this approach is used, since graphite structure 
does not fully advance as compared with a natural graphite, a degree of graphitization is inferior. 
On the other hand, the carbon which deposited by the cooling process of the melting condition of a 
metal and carbon takes the graphite structure which developed into altitude. This is because a 
stable graphite is formed thermodynamically, in case carbon deposits from a melting phase. 
Although the detail of the essential difference in scale-like graphites, such as graphite structure, 
a natural graphite, etc. which developed into this altitude, is not yet clear, in the electrical order 
of the graphite for lithium secondary battery negative electrodes of this invention, problems, like 
the irreversible capacity which had become a problem with scale-like graphites, such as a natural 
graphite, is large are greatly improvable. As for a natural graphite, in this, a graphite particle 
consists of a single crystal graphite mostly, and it is presumed to the crystal orientation having 
become in the about 1 direction that it originates in consisting of graphite polycrystal and 
moreover the orientation having become in the many directions as compared with a natural 



graphite, as for the graphite particle which is the raw material of this invention. 

[0017] Moreover, the carbon content used as a raw material which is the second requirement is 

explained. 

[0018] One of the big meaning of using a graphite as a negative-electrode ingredient for lithium 
secondary batteries is that a discharge curve flat in most use fields on a par with potential [ in / in 
the potential in the reaction which Li ion is inserted between graphite layers at the time of the 
chemical change of a charge-and-discharge process, i.e., charge, a graphite lamellar compound is 
formed, and a lithium ion ****s at the time of discharge, and returns to a graphite / change of a 
lithium metal and a lithium ion ] is obtained. The great portion of charge-and-discharge capacity 
of the lithium secondary battery negative-electrode ingredient obtained by this invention is 
obtained with the graphite used as a raw material. That is, that a high discharge capacity by 
which the lithium secondary battery negative-electrode ingredient obtained by this invention is 
characterized is obtained although a binder component is carbonized or graphitized and 
contributes to discharge capacity by passing through carbonization and/or graphitization after 
****(ing) with a carbonaceous binder originates in a high discharge capacity of the graphite of a 
raw material itself. Therefore, when the purity of the graphite used as a raw material is low, the 
rate of a graphite of participating in the charge-and-discharge reaction in the negative -electrode 
ingredient obtained from it cannot become small, and cannot bear a discharge capacity high as a 
negative-electrode ingredient. Since the discharge capacity will not reach 335 mAh/g if the 
content does not have more than 90 mass % at least even if the graphite in a negative-electrode 
ingredient has the discharge capacity of 372 mAh/g which is the theoretical discharge capacity, 
The carbon content of the still more desirable graphite from the point that the negative -electrode 
ingredient of high discharge capacity is not obtained, and a high discharge capacity of 350 or more 
mAh/g which is not usually attained except scale-like graphites, such as a natural graphite, 
obtains is more than 95 mass %. As mentioned above, the carbon content of the graphite used as a 
raw material of the charge of lithium secondary battery negative electrode material of this 
invention is desirably specified more than as 95 mass % more than 90 mass %. The graphite with 
which are satisfied of the range more than carbon concentration 90 mass % is easily obtained 
independent or by combining and using in refinery processes, such as a floatation process known 
well industrially, acid treatment, and elevated-temperature heat treatment. 

[0019] Moreover, after ****(ing) the graphite and carbonaceous binder which are the third 
requirement and which are a raw material and considering as kneaded material, it explains 
heat-treating. First of all, the greatest meaning of this processing is shown in aiming at 
improvement in the shape of powder somatic [, such as reduction of irreversible capacity, and 
specific surface area, tap density, ] by the proper granulation or the adhesion of a particle by ****, 
maintaining a high discharge capacity which is equal to the geometric capacity which the 
graphite used as a raw material has. As a carbonaceous binder, what used carbon, such as pitches, 
such as a coal-tar pitch, a petroleum pitch, and a naphthalene pitch, 3, 5-dimethylphenol 
formaldehyde resins, and a polyvinyl chloride, as the principal component is raised, and what 
fused these, and the thing ground in mean particle diameter of 5 300 micrometers are used. 
Moreover, this **** is application of an approach which uses graphite powder and a carbonaceous 
binder as a raw material, and manufactures a precise graphite product and which was 
conventionally used widely in the carbon material field. If the example is shown, after mixing 
both, it agitates and **** first, heating. Thereby, the kneaded material of the above-mentioned 
graphite and a carbonaceous binder, i.e., a bead-like granulation object, is obtained. By 



heat-treating this granulation object, the organic substance in a carbonaceous binder is 
carbonized or graphitized, and it can participate in the adsorption and desorption or insertion 
desorption of a lithium ion. When not performing this heat treatment, the carbonaceous binder is 
extremely inferior in the absorptivityand-desorptivity ability of a lithium ion while not 
stabilizing it thermally and chemically. In addition, the heat-treated carbonaceous binder enables 
reduction of side reaction, and an improvement of the shape of powder somatic by the role of 
granulation of said graphite powder, and adhesion, and its heat treatment proper also in this 
semantics is indispensable. 

[0020] Moreover, the aforementioned kneaded material which is the fourth requirement is 
explained about preparing the mean particle diameter of less than 100 micrometers of 5 
micrometers or more, and the tap density at the time of a 20 times tap so that it may become 0.70 
g/cm 3 or more . When mean particle diameter is as small as less than 5 micrometers, and the 
problem of an ununiformity occurring in the coating side in the increment in the irreversible 
capacity by the increment in specific surface area, the fall of bulk density, and negative electrode 
electrode production was produced, and large and mean particle diameter applies to an electrode 
foil as a lithium secondary battery negative electrode exceeding 100 micrometers, problems - 
required smooth nature is not obtained - arise. Furthermore, it is more desirable that it is the 
mean particle diameter of 50 micrometers or less from the ease of carrying out of diffusion of the 
homogeneity of the reaction in the time of charge and discharge and Li ion inside a particle. The 
negative-electrode ingredient for lithium secondary batteries which was excellent by performing 
grinding of kneaded material and grain refining is obtained so that this average size range may 
be satisfied and the tap density at the time of a 20 times tap may become 0.70 g/cm 3 or more. It 
explains controlling this tap density in the optimal range. The measuring method of the tap 
density of a graphite powder ingredient is specified to JIS-K5101, and was measured based on 
this. Although the tap density of fine particles rises according to that count of a tap about 
specifying this tap density by 20 times of the counts of a tap, it depends for the stability and 
operability at the time of electrode manufacture to tap density when there are few counts of a tap 
strongly. Moreover, although the same definition was possible, from the point of the repeatability 
of the accuracy of measurement or measured value, it thought that a convention of 20 counts of a 
tap was the optimal also by convention of the tap density at the time of less than 20 times of taps, 
and specified here by it. In the graphite as a charge of lithium secondary battery 
negative -electrode material, it is important also in actuation of transportation of not only making 
easy stable operation of an electrode foil coating process but an ingredient, storage, etc. to raise 
tap density. For example, if a mesophase microsphere is compared with a natural graphite with 
similar particle size distribution, the tap density of a natural graphite is as low as 1 / 3 - 1/5, and 
when this uses a homogeneous quantity of a graphite for accumulating at the time of coating 
liquid production, the liquid viscosity will produce problems, like become very large and uniform 
coating becomes difficulty more. It is attained by classifying that performing control of this mean 
particle diameter and tap density controls to fitness the mean particle diameter and particle size 
distribution of the graphite used as a raw material of kneaded material, and/or the obtained 
kneaded material after cooling, grinding and if needed until it becomes a predetermined grain 
size. As for the average grain size of a raw material graphite, it is desirable to carry out to below 
the average grain size of the end product made into the purpose, and, as for the particle size at the 
time of grinding and classifying kneaded material, it is desirable to make it larger than the 
particle size of the graphite used as a start raw material. If mean particle diameter of the charge 



of lithium secondary battery negative electrode material which is a product is made smaller than 
the particle size of a start raw material, destruction of the graphite particle which is a start raw 
material takes place, and it is not desirable on the engine performance. That is, in the charge of 
lithium secondary battery negative electrode material of this invention, when the mean particle 
diameter of less than 100 micrometers of 5 micrometers or more and the tap density at the time of 
a 20 times tap satisfied 0.70 g/cm 3 or more , it turned out that the difficulty in the case of coating 
liquid production seen with the natural graphite is avoidable. 

[0021] As mentioned above, by satisfying the above-mentioned requirements (l), i.e., all the 
requirements from said first to the fourth, to coincidence While having a discharge capacity 
comparable as the geometric capacity determined as a carbon material for lithium secondary 
battery negative electrodes from a discharge capacity of the highest level or graphite structures of 
a scale-like graphite, such as a natural graphite And the irreversible capacity resulting from the 
side reaction in the early stages of charge is small, when it is used under a big charge and 
discharge current, the property which was [ obtain / a high discharge capacity ] excellent is 
acquired, and the charge of lithium secondary battery negative-electrode material which solved 
the problem of a scale like graphite came to be offered. 

[0022] Furthermore, in addition to the above-mentioned requirements (l), the carbonaceous 
binder of said kneaded material may be carbide by heat treatment as requirements for the charge 
of lithium secondary battery negative-electrode material of this invention. This is called the 
above-mentioned requirements (2) by the following description. 

[0023] In order to heat-treat said kneaded material and to carbonize kneaded material, it is 
desirable to heat-treat under a non-oxidizing atmosphere at 700°C or more temperature of 
1500 or less. Heat treatment at 700 °C or more 1500 or less disperses the volatile 
component contained in the carbonaceous binder in kneaded material, and carbonizes a brown 
coal genius binder. The temperature is combined with the class of carbonaceous binder, and 
should just set up suitable temperature in the above-mentioned temperature requirement. If 
whenever [ this stoving temperature ] is lower than 700 X^ f it will fully be hard to carbonize a 
carbonaceous binder. Moreover, although it may be higher than 1500 °C, if there are about 
1500 °C, since the volatile component of a binder disperses mostly and the purpose of 
carbonization can be attained mostly, about 1500 °C is enough. That is, in addition to the 
above-mentioned requirements (l), the ingredient of this invention which used the carbonaceous 
binder of kneaded material as carbide by heat treatment shows the property which was excellent 
as a carbon material for lithium secondary battery negative electrodes. 

[0024] Moreover, it is desirable that said carbon material is a graphitization object as 
requirements for the charge of lithium secondary battery negative -electrode material of this 
invention in addition to the above-mentioned requirements (l). This is called the 
above-mentioned requirements (3) by the following description. This graphitization object is 
obtained by graphitizing said kneaded material below 2400 °C or more 3000 'C, after performing 
carbonization processing if needed. Although it is desirable to usually perform carbonization 
processing before graphitization at the temperature of 700*^ or more 1500-°C or less extent, and 
to carry out in respect of the operation stability in graphitization processing and safety, if these 
problems are avoidable, carbonization processing is omissible in order to obtain the target 
ingredient. That is, the effectiveness of this invention is acquired still more notably by 
graphitization processing. That is, purification of a graphite and graphitization of a carbonaceous 
binder advance to coincidence by heat treatment in this temperature field, and the further 



increment in discharge capacity is acquired by these. At less than this graphitization 

temperature does not fully progress and, as for the increment in the discharge capacity which is 
the effectiveness of processing, graphitization of a carbonaceous binder is not fully acquired for it. 
Moreover, although it may be higher than 3000 °C, it is enough below 3000 °C from safety or 
economical efficiency. That is, in addition to the above-mentioned requirements (l), the ingredient 
obtained by using said carbon material as a graphitization object shows the property which was 
excellent as a charge of lithium secondary battery negative electrode material. 
[0025] Furthermore, it is desirable that the tap density at the time of a 300 times tap is three or 
more 0.85 g/cm as requirements for the charge of lithium secondary battery negative -electrode 
material of this invention in addition to above-mentioned requirements (l) - (3). This is called the 
above-mentioned requirements (4) by the following description. That is, it is further improved by 
the property as fine particles by satisfying tap density 0.85 g/cm 3 at the time of a 300 times tap in 
addition to the requirements of 0.70 g/cm 3 or more in the tap density at the time of the 20 times 
tap which specified the above-mentioned requirements (4) on the above-mentioned requirements 
(l). Although it said that it depends for the stability and oper ability at the time of electrode 
manufacture to tap density (this invention prescribes the time of a 20 times tap) when there are 
few counts of a tap strongly in explanation of a convention of the above-mentioned requirements 
for this invention (l) After satisfying proper tap density when the fixed range and the count of a 
tap have little average grain size by specifying the tap density at the time of a 300 times tap 
further here It finds out acquiring the effectiveness of this invention still more notably by making 
tap density when there are many counts of a tap accomplish more than fixed. For example, it sets 
to two kinds of fine particles A and B with the tap density equivalent at three or more 0.70 g/cm at 
the time of a 20 times tap. Supposing it of less than 0.85 g/cm 3 and fine particles B is 0.85 g/cm 3 or 
more, the tap density at the time of the 300 times tap of fine particles A In the operability in the 
time of slurry production using the solvent in an electrode foil coating process, and the case of the 
electrode foil press after coating, the stability of that the fine particles B are easier for operability 
and the manufactured electrode foil is excellent. In the kneading process at the time of slurry 
production, or the press process after coating, since change to still higher bulk density takes place 
by making bulk density more than fixed into a starting condition, this is considered that the ease 
of the change is expressed with the tap density at the time of a 300 times tap. That is, it turned 
out that the effectiveness of this invention is shown still more notably 300 times if tap density is 
0.85 g/cm 3 or more . 

[0026] Furthermore, in addition to above-mentioned requirements (l) - (4) , carbon content more 
than 99 mass % and whose specific surface area according to a BET adsorption method is below 
5m 2 /g as requirements for the charge of lithium secondary battery negative -electrode material of 
this invention is desirable. That is, in addition to above-mentioned requirements (l) - (4), all of 
raising a carbon content more than a fixed rate and controlling specific surface area below to a 
fixed value are filled. By the following description, this is called the above-mentioned 
requirements (5). The carbon content of the charge of lithium secondary battery 
negative-electrode material which is the factor which constitutes these requirements is explained. 
Although the discharge capacity obtained as a negative -electrode ingredient becomes large since 
insertion of a lithium ion and the rate of the graphite structure of participating in desorption are 
so large that this carbon content is high, it is important for metallic elements, adsorption 
moisture, etc., such as iron, to lessen elements other than carbon and the content of a compound. 
When a carbon content is under 99 mass %, problems, such as degradation of nonaqueous 



electrolyte and a stability fall of the coating liquid in a coating stroke, arise [ the fall of a cycle 
property or the increment in irreversible capacity according to degradation of the electrolytic 
solution etc. by the effect of an impurity metal ] under the effect of moisture again. In order to 
reduce these bad influences, a carbon content is preferably carried out to more than 99.5 mass % 
more than 99 mass %. 

[0027] Moreover, similarly a BET specific surface area is explained. As a general index which 
describes the specific surface area of graphite powder, a BET specific surface area begins this 
industry, and is widely used by the technical field relevant to carbon and a graphite. This desorbs 
the adsorbate beforehand, makes nitrogen gas stick to the powder put into the vacuum housing at 
liquid nitrogen temperature, and is obtained by asking for the isothermal adsorption curve. When 
the specific surface area by this BET adsorption method 5m 2 /g super-**, in case it is 
negative-electrode electrode production, or unevenness and an ununiformity part occur in a 
coating side, adsorption of water in atmospheric-air becomes remarkable, and high impurity 
concentration increases, or deteriorating [ of the electrode engine performance ] becomes 
remarkable [ that the side reaction in early stages of charge and discharge increases etc. ]. 
[0028] While having a discharge capacity comparable as the geometric capacity determined as a 
carbon material for lithium secondary battery negative electrodes by satisfying the above 
requirements from a discharge capacity of the highest level or graphite structures of a scale-like 
graphite, such as a natural graphite And the irreversible capacity resulting from the side reaction 
in the early stages of charge was small, when it was used under a big charge and discharge 
current, the property which was [ obtain / a high discharge capacity ] excellent was acquired, and 
it was shown that the negative electrode ingredient for lithium secondary batteries which solved 
the problem of a scale-like graphite is offered. 

[0029] Next, the manufacture approach of the graphite for lithium secondary battery negative 
electrodes of above-mentioned this invention is explained. 

[0030] Processing of the carbon which deposited in the cooling process of the melting condition of a 
metal and carbon the manufacture approach of this invention After performing high grade ized 
processing until a carbon content reaches more than 90 mass % Grinding and air classification 
using the grinder chosen from the impeller mill, the jet mill, the lei monde mill, or the ball mill 
are performed. It is the manufacture approach of the charge of lithium secondary battery 
negative-electrode material which **** the obtained graphite with a carbonaceous binder and is 
characterized by graphitizing this kneaded material at carbonization and/or 2400-3000 °C by 
700-1500 °C. By the following description, these requirements are called the above-mentioned 
requirements (6). Namely, the above-mentioned requirements (6) are the purposes which 
manufacture easily and industrially the outstanding charge of lithium secondary battery 
negative-electrode material. In case a raw material graphite is obtained first, high grade ized 
processing of the carbon which deposited in the cooling process of the melting condition of a metal 
and carbon is performed. After grinding and air classification using the grinder optimal after 
considering as the carbon content more than fixed performing grain refining and obtaining 
kneaded material with a binder by making this into a raw material, it is the manufacture 
approach characterized by carrying out optimal heat treatment. It is possible to obtain the charge 
of lithium secondary battery negative -electrode material which has the outstanding property by 
the manufacture approach of this invention by the easier and high process yield. High 
grade ization said here is processing for raising the carbon content of the carbon which deposited 
in the cooling process of the melting condition of a metal and carbon more than 90 mass %, and is 



independent or combining and using about the refinery process generally [ a floatation process, 
acid treatment, elevated temperature heat treatment, etc. ] known. When grinding and grain-size 
preparation called a classification are performed before performing high grade ized processing, it 
is difficult to control the average grain size of the graphite which is a raw material by grain-size 
change resulting from a great portion of metal particles ****ing in high gradeized processing etc. 
Moreover, if it does not grind after high-grade-izing, a product with a predetermined average 
grain size cannot be obtained by the high yield. Moreover, compared with the case where the 
graphite which has not passed through grinding is used, improvement in fine-particles 
characteristic values, such as bulk density of the generated charge of lithium secondary battery 
negative-electrode material and tap density, can make easily by using the grinder chosen from an 
impeller mill, a jet mill, a lei monde mill, and a ball mill. As effectiveness which grinds a raw 
material, the rough edge of the character of the configuration of the scale like particle which 
exists immediately after high grade-ized processing is rounded off in a grinding process, it will 
carry out change more nearly spherically soon, and will depend this on being reflected also in the 
physical properties of the charge of lithium secondary battery negative -electrode material by 
which this is manufactured through processings, such as **** with a carbonaceous binder, 
subsequent carbonization, and graphitization. In this grinding process, changing the 
configuration of most scale like particles and making it become a curved-surface configuration 
particle makes the basis of the above-mentioned requirements (6). In the interior of a grinder, 
although the grinding phenomenon itself breaks or lacks a particle, when particles repeat contact, 
a collision, and wear, a phosphorus flaky graphite particle changes to a curved- surface 
configuration particle, and is presumed that the high fitness as a raw material graphite of the 
charge of lithium secondary battery negative -electrode material is acquired. After ****(ing) this 
graphite with a carbonaceous binder and obtaining kneaded material, the charge of hthium 
secondary battery negative-electrode material made into the purpose is obtained by graphitizing 
this kneaded material below 700 °C or more 1500 °C below carbonization and/or 2400 °C or 
more 3000 °C. Heat treatment at 700 °C or more 1500 °C or less disperses the volatile 
component contained in the carbonaceous binder in kneaded material, and carbonizes a brown 
coal genius binder. The temperature is combined with the class of carbonaceous binder, and 
should just set up suitable temperature in the above-mentioned temperature requirement. If 
whenever [ this stoving temperature ] is lower than 700 °C, it will fully be hard to carbonize a 
carbonaceous binder. Moreover, if there axe about 1500 °C, since the volatile component of a 
carbonaceous binder disperses mostly, about 1500 °C which can attain the purpose of 
carbonization mostly are enough as it, although it may be higher than 1500 t C. Although 
grain-size [ powder / which is obtained after this carbonization processing ] preparation if needed 
can be performed and it can use as a carbon material for lithium secondary battery negative 
electrodes, the effectiveness of this invention is acquired still more notably by replacing with 
carbonization and carrying out graphitization processing following the further aforementioned 
carbonization, at 2400- °C or more temperature of 3000 *C or less. That is, purification of a 
graphite and graphitization of a carbonaceous binder advance to coincidence by heat treatment in 
this temperature field, and the further increment in discharge capacity is acquired by these. At 
less than 2400 °C, this graphitization temperature does not fully progress and, as for the 
increment in the discharge capacity which is the effectiveness of processing, graphitization of a 
carbonaceous binder is not fully acquired for it. Moreover, although it may be higher than 3000 °C, 
it is enough below 3000 °C from safety or economical efficiency. 



[003 1] Moreover, it is desirable that it is the manufacture approach of the graphite for hthium 
secondary battery negative electrodes which are one sort or two sorts or more of metals with 
which said metal was chosen from iron, nickel, silicon, and cobalt in this invention in addition to 
the above-mentioned requirements (6). 

[0032] Carbon takes many metals and melting conditions in an elevated temperature. Generally, 
if this is cooled, since carbonaceous solubility limit community concentration decreases, it 
deposits as a graphite. The temperature and the amount of the deposit change greatly with metal 
kinds to be used, for example, nickel can take the melting condition containing the carbon of 
about 20 atoms % in 2000 °C, and when this is cooled to 1500 °C, the carbon which is equivalent 
to about 7 atoms % among said 20 atom %s deposits as a graphite. Even if it will be in a liquid 
condition in an elevated temperature depending on a metal kind, even if it dissolves, there are 
what hardly dissolves carbon, and a thing which does not deposit as a graphite, and these are not 
suitable for using as a metal of this invention again. That is, the ingredient obtained by 
performing manufacture which processes the graphite which carries out heating at high 
temperature of the sample which carried out specified quantity mixing of iron, nickel, silicon, 
cobalt, and the carbon under an inert atmosphere at least, and is obtained by cooling, and 
satisfies the above-mentioned requirements (3) has the property which was excellent as a hthium 
secondary battery negative electrode. 

[0033] Moreover, this invention may be the manufacture approach of the graphite for lithium 
secondary battery negative electrodes that the melting condition of said metal and carbon is 
characterized by being in the melting condition of iron and carbon in the melting pig iron of an 
iron-manufacture process in addition to the above-mentioned requirements (6). When iron can 
take the melting condition containing the carbon of about 25 atoms % in 2500 °C and this is 
cooled, the melting critical mass falls and the carbon beyond this deposits as a graphite. In the 
iron-manufacture process, the elevated -temperature melting reactant which contained carbon at 
the iron making process is obtained, at processes, such as conveyance of the reactant, and 
purification, reactant temperature falls, carbon deposits and the many are collected as iron 
making dust and steel-manufacture dust. The carbon concentration in this dust is 40 - 60 mass % 
extent in a recovery phase. In the manufacture approach of the graphite for lithium secondary 
battery negative electrodes of the above-mentioned requirements (2), it sees from the generation 
principle and is possible to use this dust as a raw material. Moreover, being able to obtain the raw 
material produced in large quantities from an actual industrial process, and obtaining a raw 
material in this process is the approach which was excellent in respect of the physical-properties 
stabilization and economical efficiency. That is, the ingredient obtained by performing 
manufacture which processes this dust and satisfies the above-mentioned requirements (3) has 
the property which was excellent as a lithium secondary battery negative electrode. 
[0034] Moreover, as for this invention, it is desirable that it is the manufacture approach of the 
charge of lithium secondary battery negative electrode material that the mean diameter of said 
graphite is characterized by 3-micrometer or more being 30 micrometers or less in addition to the 
above-mentioned requirements (6). Since **** processing of this invention performs the 
granulation of a particle, this is influenced also with a big particle size of the ingredient finally 
generated with the raw material particle size before the processing. The range of 5 micrometers or 
more less than 100 micrometers of desirable mean particle diameter as a charge of Hthium 
secondary battery negative-electrode material is 5 50 micrometers desirably, this ** if out of range, 
it is inferior in respect of the engine performance as a negative -electrode ingredient, and usability. 



When the mean particle diameter of a raw material graphite sets to 3 micrometers or more 30 
micrometers or less showed that the product of a desirable size range was obtained on condition 
that proper ****. 

[0035] Furthermore, while in addition to the above-mentioned requirements (6) said kneaded 
material **** said graphite and said carbonaceous binder and heats to the temperature more 
than the softening temperature of said carbonaceous binder, as for this invention, it is desirable 
that it is the manufacture approach of the charge of lithium secondary battery negative-electrode 
material of agitating and ****(ing). Although **** of this invention may advance by heating, 
mixing and agitating a graphite and a carbonaceous binder, since the granulation of the particle 
of **** and a graphite hardly advances unless whenever [ stoving temperature / in this case ] is 
more than the softening temperature of a carbonaceous binder, the good charge of lithium 
secondary battery negative-electrode material is not obtained. 

[0036] Moreover, as for this invention, it is desirable that it is the manufacture approach of the 
charge of lithium secondary battery negative electrode material that the **** rate of said 
graphite and said carbonaceous binder is [ a carbonaceous binder ] 10 - 70 mass section to the 
graphite 100 mass section in addition to the above-mentioned requirements (6). Since the 
adhesive ability of natural graphites falls under in 10 mass sections, the **** rate of this graphite 
and a carbonaceous binder is not desirable, and if 70 mass sections are exceeded, since the 
contribution in the product of the carbonaceous binder in the kneaded material obtained becomes 
large and the fall of discharge capacity is attracted, it is not desirable. 

[0037] Furthermore, this invention is a lithium secondary battery characterized by coming to 
contain in a negative electrode active material the ingredient of above-mentioned requirements 
(l) - (5) which fills at least any they are in the lithium secondary battery containing positive 
active material, a negative -electrode active material, and a nonaqueous electrolyte. The 
above-mentioned requirements (l) Since a negative electrode active material has the property 
excellent in high capacity etc. compared with the negative-electrode active material of an 
ingredient conventionally when the ingredient of - (5) has the property which was excellent as a 
lithium secondary battery negative electrode and a lithium secondary battery is manufactured, 
using this as a negative electrode active material, the lithium secondary battery of high 
performance is obtained more. Moreover, even if it mixes with other negative -electrode active 
materials if needed, effectiveness, such as a high discharge capacity which is the effectiveness of 
this invention, is acquired. 

[0038] As an approach of using the charge of lithium secondary battery negative-electrode 
material of this invention for an active material, and forming a negative electrode, by fully pulling 
out the engine performance of the charge of lithium secondary battery negative-electrode material 
of this invention, if size enlargement nature is high and electrochemically [ chemically and ] 
stable, this will not be restricted at all. When it illustrates, the approach of mixing and kneading 
is in the charge of lithium secondary battery negative -electrode material of this invention after 
adding the powder or dispersion solution of fluororesin, such as polytetrafluoroethylene. Moreover, 
it can also cast by creating a slurry, and applying and drying on a charge collector by using 
water-soluble binders, such as fluororesin powder, such as polyvinylidene fluoride (PVdF), or 
carboxyl methyl cellulose, as a carbonaceous binder at the charge of lithium secondary battery 
negative-electrode material of this invention, and mixing using solvents, such as N methyl 
pyrrolidone (NMP), dimethylformamide or water, and alcohol. 

[0039] Although the negative-electrode active material of this invention can be suitably combined 



with positive active material and a nonaqueous electrolyte (for example, organic solvent system 
electrolyte) and can be used, such nonaqueous electrolytes (for example, organic solvent system 
electrolyte) or positive active material will not restrict especially this, if it can usually use for a 
lithium secondary battery. 

[0040] As positive active material, it is lithium content transition-metals oxide LiM(l) x 02 (among 
a formula), for example, x is the numeric value of the range of O^x^l, and M (l) expresses 
transition metals among a formula, or it consists of at least one kind in Co, nickel, Mn, Ti, Cr, V, 
Fe, Zn, aluminum, Sn, and In LiM(l) y M(2)2- y 04 (y is the numeric value of the range of O^y^l 
among a formula) M (l) and M (2) express transition metals among a formula. Co, nickel, Mn, Ti, 
Consist of at least one kind in Cr, V, Fe, Zn, aluminum, Sn, and In. Transition-metals chalcogen 
ghosts (TiS2, NbSe3, etc.), vanadium oxides (V2O5, VeOi3, V2O4, V 3 Os, etc.), and the lithium 
compound of those, The SHUBURERU phase compound expressed with general formula 
MxMoeChsT (0^x^4 and y of x are the numeric values of the range of Ogy ^ 1 among a formula, 
and metals including transition metals and Ch express a chalcogen element among a formula in 
M) or activated carbon, an activated carbon fiber, etc. can be used. 

[0041] As an organic solvent in a nonaqueous electrolyte (for example, organic solvent system 
electrolyte) Although not restricted especially, for example Propylene carbonate, Ethylene 
carbonate, butylene carbonate, chloroethylene carbonate, Dimethyl carbonate, diethyl carbonate, 
ethyl methyl carbonate, 1 and Idimethoxyethane, 1, 2- dime thoxye thane, 1, 2-diethoxy ethane, 
Gamma-butyrolactone, a tetrahydrofuran, 2-methyl tetrahydrofuran, 1, 3-dioxolane, the 4-methyl 
-1, 3-dioxolane, an anisole, Diethylether, a sulfolane, a methyl sulfolane, an acetonitrile, Chloro 
nitril, propionitrile, trimethyl borate, silicic-acid tetramethyl, Nitromethane, dimethylformamide, 
N-methyl pyrrolidone, ethyl acetate, trimethyl alt.formate, a nitrobenzene, a benzoyl chloride, 
and bromination benzoyl - Tetrahydrothiophene, dimethyl sulfoxide, 3methyl-2oxazolidone, 
ethylene glycol, an ape fight, a dimethyl ape fight, and independent or two or more kinds of mixed 
solvents of ** can be used. 

[0042] As an electrolyte, each what are better known than before can be used. For example, 
LiC10 4 , LiBF 4 , LiPFe, LiAsFe, LiB (CeHs), LiCl, LiBr, LiCFsSOa, LKCF3SO2) 2N, Li(CF 3 S0 2 )3C, 
LKCF3CH2OSO2) 2N, Li(CF3CF 2 CH 2 OS02) 2N, One sort or two sorts or more of mixture, such as 
Li(HCF 2 CF2CH20S0 2 ) 2N, Li C(CF3) 2 CHOS0 2 ) 2N, and LiBtCeHstCFs^] 4, can be mentioned. 
[0043] As mentioned above, while having a discharge capacity comparable as a discharge capacity 
of scale -like graphites, such as a natural graphite, of the highest level, or the geometric capacity 
determined from graphite structure as a charge of lithium secondary battery negative electrode 
material by this invention And a discharge capacity high [ the irreversible capacity resulting from 
the side reaction in the early stages of charge is small, and ] even when it is used under a big 
charge and discharge current is obtained. The property which was excellent in ** is shown and 
the Uthium secondary battery which used this for the charge of lithium secondary battery 
negative-electrode material which solved the problem of a scale-like graphite and its manufacture 
approach, and a list came to be offered industrially. 
[0044] 

[Example] The expression approach of various physical-properties values used for the structure of 
the charge of lithium secondary battery negative electrode material and a convention of a 
manufacturing method in this invention below and a measuring method are shown. 
[0045] (1) Degree of graphitization (doo2, Lc) 

A monochromatic X-ray is collimated to a collimated beam, the carbon powder which added the 



high purity silicon as an internal standard is irradiated, and the peak corresponding to the field 
(002) of a graphite is measured. The spacing doo2 between stratification planes and the magnitude 
Lc of C shaft orientations of microcrystal are computed by amending the peak of the silicon of an 
internal standard for the location and half-value width of the peak as a criterion. The concrete 
evaluation approach was based on what is specified in the 117th committee of Japan Society for 
the Promotion of Science. 

[0046] (2) It measured with the BET adsorption method by specific-surface-area nitrogen gas 
adsorption. 

[0047] (3) In the NMP (N-methyl-2-pyrrolidone) solution of electrode production and electrode 
performance-measurement polyvinylidene fluoride, in addition, it kneaded so that the charge 
powder of lithium secondary battery negative-electrode material and polyvinylidene fluoride 
might be set to 95 to 5 with a mass ratio, and this was applied to copper foil with a thickness of 20 
micrometers, and the negative-electrode electrode foil was obtained. After drying this 
negative-electrode electrode foil at 80 °C and evaporating NMP, it started on 10mm square and 
the negative -electrode electrode was created. In order to evaluate the electrode characteristic in 
this negative-electrode electrode single electrode, the trilateral type eel which used the counter 
electrode and used the lithium metal for the reference pole was used. What dissolved LiC104 in 
the mixed solvent (they are 1-1 mixing at a volume ratio) of ethylene carbonate and diethyl car 
bonate at a rate of 1 mol/1 was used for the electrolytic solution. About the charge and discharge 
test, charge and discharge were performed by the constant current consistency (0.1 mA/cm2) 
under potential regulation. The potential range was set to 0V to 1.5V (lithium metal criteria). 
While measuring first time charge capacity, first time discharge capacity, and initial 
charge-and-discharge effectiveness, extent of change of the discharge capacity in the charge and 
discharge of the 2nd henceforth estimated the cycle property. 

[0048] (Example l) After mixing 12kg in 4kg and the end of iron powder in the end of a coke 
breeze, it put into the graphite container, and temperature up heating was carried out in the 
argon air current with the Tammann electric furnace at 2000 °C, and this was cooled. After 
obtaining a solid reactant after a reaction, about 1kg of granular compounds which deposited in 
the surface section was collected. This was put into 101. of concentrated hydrochloric acid, after 
holding at a room temperature for 10 hours, it filtered, and after carrying out washing filtration of 
this with a lot of water further, it dried at 120 °C among atmospheric air for 20 hours, and 600g 
of intermediate products was acquired. The jet mill ground the powder which is the acquired 
intermediate product, it classified with the air classifier, and 400g of powder products with a 
mean particle diameter of 15 micrometers was obtained. The grand total of the metal impurity by 
the chemical analysis of this product was 1.2 mass %. Moreover, the degrees of graphitization of 
this powder product are doo2=0.3355nm and Lc>100nm, and had the high degree of graphitization. 
[0049] To 300g of this powder graphite, coal-tar pitch (80 °C of softening temperatures) lOOg was 
mixed, and it ****(ed) by Z mold kneader for 200 °C and 120 minutes. Gradually, viscosity was 
cracked after cooling the granulation object which changed into increase and a granulation 
condition, was put into the crucible made from a graphite, and was carbonized at the temperature 
of 800 °C among the lead hammer type continuous furnace. Furthermore, after putting this into 
the crucible made from a graphite and heat-treating and graphitizing at 3000 °C among an 
Atchison type graphitizing furnace, 320g of products with a mean particle diameter of 27 
micrometers was obtained with a crack and air classification. 

[0050] As for the degree of graphitization of the obtained product, the tap density at the time of 20 



times tap was 0.73 g/cm 3 ,the tap density at the time of a 300 was 1.04 g/cm 3 . doo2=0.3355nm, 
LolOOnm, and specific surface area 1.0m 2 /g Moreover, the grand total of the metal impurity by 
the chemical analysis of the obtained product was 0.2 mass %. 

[0051] First time charge capacity is [ 384 mAh/g and first time discharge capacity ] 368 mAh/g, 
and, as for the chargeanddischarge property of this ingredient, the result of 96% in initial 
chargeanddischarge effectiveness was obtained. Moreover, also in the charge and discharge of 
the 2nd henceforth, it had high electrode engine performance ■- discharge capacity hardly changes 
but the outstanding cycle property is shown. 

[0052] (Example 2) 2kg of powder was collected as steel-manufacture dust of an iron-manufacture 
process. This was put into 10 1. of concentrated hydrochloric acid, after holding at a room 
temperature for 12 hours, it filtered, and after carrying out washing filtration of this with a lot of 
water further, it dried at 120 for 12 hours. The jet mill ground the obtained 
intermediate -product powder, it classified with the air classifier, and 800g of powder products 
with a mean particle diameter of 10 micrometers was obtained. The grand total of the metal 
impurity by the chemical analysis of this product was 2.1 mass %. Moreover, the degrees of 
graphitization of this powder product are doo2=0.3354nm and Lc>100nm, and had the high degree 
of graphitization. 

[0053] To 400g of this powder graphite, coal-tar pitch (80 t of softening temperatures) 120g was 
mixed, and it ****(ed) by Z mold kneader for 200 °C and 120 minutes. Gradually, viscosity was 
cracked after cooling the granulation object which changed into increase and a granulation 
condition, was put into the crucible made from a graphite, and was carbonized at the temperature 
of 800 °C among the lead hammer type continuous furnace. Furthermore, after putting this into 
the crucible made from a graphite and heat-treating and graphitizing at 3000 °C among an 
Atchison type graphitizing furnace, 380g of products with a mean particle diameter of 25 
micrometers was obtained with a crack and air classification. 

[0054] As for the degree of graphitization of the obtained product, the tap density at the time of 
20 times tap was 0.96 g/cm 3 , the tap density at the time of 300 tap was 1.14 g/cm 3 . doo2=0.3355nm, 
Lc>100nm, and specific surface area was 0.8m 2 /g. Moreover, the grand total of the metal 
impurity by the chemical analysis of the obtained product was 0.1 mass %. 

[0055] First time charge capacity is [ 387 mAh/g and first time discharge capacity ] 371 mAh/g, 
and, as for the charge -and -discharge property of this ingredient, the result of 96% in initial 
charge -and -discharge effectiveness was obtained. Moreover, also in the charge and discharge of 
the 2nd henceforth, it had high electrode engine performance - discharge capacity hardly changes 
but the outstanding cycle property is shown. 

[0056] (Example 3) 10kg of powder was collected as steel-manufacture dust of an 
iron-manufacture process. This was put into 50 1. of concentrated hydrochloric acid, after holding 
at a room temperature for 12 hours, it filtered, and after carrying out washing filtration of this 
with a lot of water further, it dried at 120 °C for 12 hours. After the jet mill ground the obtained 
powder, air classification was performed, and 3.6kg of powder products with a mean particle 
diameter of 12 micrometers was obtained. The grand total of the metal impurity by the chemical 
analysis of this product was 2.1 mass %. Moreover, the degrees of graphitization of this powder 
product are doo2=0.3356nm and Lc>100nm, and had the high degree of graphitization. 
[0057] To 2kg of this powder graphite, coal-tar pitch (80 t of softening temperatures) 0.66kg was 
mixed, and it ****(ed) by Z mold kneader for 200 *C and 120 minutes. Gradually, viscosity was 
cracked after cooling the granulation object which changed into increase and a granulation 



condition, was put into the crucible made from a graphite, and was carbonized at the temperature 
of 1400 °C under the argon ambient atmosphere using the muffle furnace. Furthermore, it 
cracked, air classification of this was carried out, and 1.8kg of products with a mean particle 
diameter of 26 micrometers was obtained. 

[0058] As for the degree of graphitization of the obtained product, the tap density at the time of a 
20 times tap was 0.72 g/cm 3 , and the tap density at the time of a 300 times was 0.97 g/cm 3 . 
doo2=0.3356nm, Lc>100nm, and specific surface area was 1.2m 2 /g . Moreover, the grand total of 
the metal impurity by the chemical analysis of the obtained product was 0.5 mass %. 
[0059] First time charge capacity is [ 373 mAh/g and first time discharge capacity ] 354 mAh/g, 
and, as for the charge-and*discharge property of this ingredient, the result of 95% in initial 
charge -and -discharge effectiveness was obtained. Moreover, also in the charge and discharge of 
the 2nd henceforth, it had high electrode engine performance - discharge capacity hardly changes 
but the outstanding cycle property is shown. 

[0060] (Example 4) After mixing 3kg and 12kg of nickel powder in the end of a coke breeze, it put 
into the graphite container, and temperature up heating was carried out among the argon air 
current with the Tammann electric furnace at 2200 °C, and this was cooled. After obtaining a 
solid reactant after a reaction, about 750g of granular compounds which deposited in the surface 
section was collected. This was put into 11. of ri mixed solutions of concentrated nitric acid and 
fluoric acid, after holding at a room temperature for 12 hours, it filtered, and further, after 
carrying out washing filtration of this with a lot of water, it dried at 120 °C for 12 hours. After the 
jet mill ground the obtained powder, sieve classification was carried out and 370g of powder 
products with a mean particle diameter of 12 micrometers was obtained. The grand total of the 
metal impurity by the chemical analysis of this product was 1.9 mass %. Moreover, the degrees of 
graphitization of this powder product are doo2=0.3355nm and Lc>100nm, and had the high degree 
of graphitization. 

[0061] To 300g of this powder graphite, coal-tar pitch (80 °C of softening temperatures) 150g was 
mixed, and it ****(ed) by Z mold kneader for 200 °C and 120 minutes. Gradually, viscosity was 
cracked after cooling the granulation object which changed into increase and a granulation 
condition, was put into the crucible made from a graphite, and was carbonized at the temperature 
of 800 °C among the lead hammer type continuous furnace. Furthermore, after putting this into 
the crucible made from a graphite and heat-treating and graphitizing at 3000 °C among an 
Atchison type graphitizing furnace, 290g of products with a mean particle diameter of 25 
micrometers was obtained with a crack and air classification. 

[0062] As for the degree of graphitization of the obtained product, the tap density at the time of 20 
times tap was 0.74 g/cm 3 and the tap density at the time of a 300 tap was 0.97 g/cm 3 . and 
doo2=0.3355nm, Lc>100nm, and specific surface area was l.lm 2 /g. Moreover, the grand total of 
the metal impurity by the chemical analysis of the obtained product was 0.6 mass %. 
[0063] First time charge capacity is [ 386 mAh/g and first time discharge capacity ] 370 mAh/g, 
and, as for the charge -and -discharge property of this ingredient, the result of 96% in initial 
charge and -discharge effectiveness was obtained. Moreover, also in the charge and discharge of 
the 2nd henceforth, it had high electrode engine performance - discharge capacity hardly changes 
but the outstanding cycle property is shown. 

[0064] (Example 5) After mixing 1kg and 8kg of silicon powder in the end of a coke breeze, it put 
into the graphite container, and temperature up heating was carried out in the argon air current 
with the Tammann electric furnace at 2500 °C, and this was cooled. After obtaining a solid 



reactant after a reaction, about 600g of granular compounds which deposited in the surface 
section was collected. This was put into 11. of 1 : 1 mixed solutions of concentrated nitric acid and 
fluoric acid, after holding at a room temperature for 12 hours, it filtered, and further, after 
carrying out washing filtration of this with a lot of water, it dried at 120 °C for 12 hours. After the 
ball mill ground the obtained powder, sieve classification was carried out and 350g of powder 
products with a mean particle diameter of 15 micrometers was obtained. The grand total of the 
metal impurity by the chemical analysis of this product was 7.5 mass %. 

[0065] To 300g of this powder graphite, coal-tar pitch (80 °C of softening temperatures) 90g was 
mixed, and it ****(ed) by Z mold kneader for 200 °C and 120 minutes. Gradually, viscosity was 
cracked after cooling the granulation object which changed into increase and a granulation 
condition, was put into the crucible made from a graphite, and was carbonized at the temperature 
of 800 *C among the lead hammer type continuous furnace. Furthermore, after putting this into 
the crucible made from a graphite and heat-treating and graphitizing at 3000 °C among an 
Atchison type graphitizing furnace, 370g of products with a mean particle diameter of 22 
micrometers was obtained with a crack and air classification. 

[0066] As for the degree of graphitization of the obtained product, the tap density at the time of 
and a 20 times tap was 0.96 g/cm 3 and the tap density at the time of 300 was 1.14 g/cm 3 , 
doo2=0.3355nm, Lc>100nm, and specific surface area was 1.0m 2 /g . Moreover, the grand total of 
the metal impurity by the chemical analysis of the obtained product was 0.1 mass %. 
[0067] First time charge capacity is [ 380 mAh/g and first time discharge capacity ] 361 mAh/g, 
and, as for the chargeand-discharge property of this ingredient, the result of 95% in initial 
chargeand-discharge effectiveness was obtained. Moreover, also in the charge and discharge of 
the 2nd henceforth, it had high electrode engine performance - discharge capacity hardly changes 
but the outstanding cycle property is shown. 

[0068] (Example 6) After mixing 2kg and 8kg of cobalt powder in the end of a coke breeze, it put 
into the graphite container, and temperature up heating was carried out in the argon air current 
with the Tammann electric furnace at 2200 °C, and this was cooled. After obtaining a solid 
reactant after a reaction, about 400g of granular compounds which deposited in the surface 
section was collected. This was put into 11. of 1*1 mixed solutions of concentrated nitric acid and 
fluoric acid, after holding at a room temperature for 12 hours, it filtered, and after carrying out 
washing filtration of this with a lot of water further, 120 °C dried for 12 hours. After the jet mill 
ground the obtained powder, sieve classification was carried out and 5g of powder products with a 
mean particle diameter of 38 micrometers was obtained. The grand total of the metal impurity by 
the chemical analysis of this product was 1.5 mass %. 

[0069] Thus, to prepared carbon material 200g, coal-tar pitch (80 °C of softening temperatures) 
67g was mixed, below, by the same technique as an example 1, carbonization, graphitization, the 
crack, and the classification were performed and 220g of products with a mean particle diameter 
of 25 micrometers was obtained. 

[0070] As for the degree of graphitization of the obtained product, the tap density at the time of 
and a 20 times tap was 0.73 g/cm 3 and the tap density at the time of 300 was 0.98 g/cm3. 
doo2=0.3355nm, Lc>100nm, and specific surface area was 1.0m 2 /g. Moreover, the grand total of 
the metal impurity by the chemical analysis of the obtained product was 0.1 mass %. 
[0071] First time charge capacity is [ 376 mAh/g and first time discharge capacity ] 360 mAh/g, 
and, as for the charge and-discharge property of this ingredient, the result of 96% in initial 
charge and discharge effectiveness was obtained. Moreover, also in the charge and discharge of 



the 2nd henceforth, it had high electrode engine performance - discharge capacity hardly changes 
but the outstanding cycle property is shown. 

[0072] (Example 1 of a comparison) After the ball mill ground the natural graphite, sieve 
classification was carried out, and powder with a mean particle diameter of 15 micrometers was 
obtained. The grand total of the metal impurity of this graphite is 0.4 mass %, and had the degree 
of graphitization with a as high degree of graphitization as doo2=0.3355nm and Lc>100nm. To 
300g of this natural-graphite powder, 50g was mixed and the coal-tar pitch (80 °C of softening 
temperatures) was ****(ed) by Z mold kneader for 200 t and 120 minutes. Gradually, viscosity 
was cracked after cooling the granulation object which changed into increase and a granulation 
condition, was put into the crucible made from a graphite, and was carbonized at the temperature 
of 800 °C among the lead hammer type continuous furnace. Grain- size preparation of this was 
carried out at 25 micrometers of mean diameters, and it put into the crucible made from a 
graphite, and heat-treated and graphitized at 3000°C among the Atchison type graphitizing 
furnace. 

[0073] As for the degree of graphitization of the obtained product, the tap density at the time of 
and a 20 times tap was 0.77 g/cm 3 and the tap density at the time of 300 was 0.68 g/cm 3 . 
doo2=0.3355nm, Lc>100nm, and specific surface area was 1.7m 2 /g. . Moreover, the grand total of 
the metal impurity by the chemical analysis of the obtained product was 0.1 mass %. 
[0074] First time charge capacity was [ 390 mAh/g and the first time discharge capacity of the 
charge and -discharge property of this ingredient ] 345 mAh/g, and initial chargeanddischarge 
effectiveness was the result of calling it 88%. 

[0075] (Example 2 of a comparison) Steel-manufacture dust 2kg of the same iron- manufacture 
process as an example 2 was collected. By the same approach as an example 2, 
concentratedhychochloric-acid washing, backwashing by water, desiccation, grinding, and a 
classification were performed for this, and 800g of powder products with a mean particle diameter 
of 10 micrometers was obtained. The grand total of the metal impurity by the chemical analysis of 
this product was 2.2 mass %. Moreover, the degrees of graphitization of this powder product are 
d002=0.3356nm and Lc>100nm, and had the high degree of graphitization, 

[0076] To 400g of this powder graphite, coal-tar pitch (80 °C of softening temperatures) 120g was 
mixed, and it ****(ed) by Z mold kneader for 200 °C and 120 minutes. Viscosity was cracked 
gradually after cooling the granulation object which changed into increase and a granulation 
condition, and it put into the crucible made from a graphite, and heat-treated at the temperature 
of 600 °C among nitrogen gas atmosphere mind with the experimental reactor. Furthermore, 
480g of products with a mean particle diameter of 25 micrometers was obtained for this with a 
crack and air classification. 

[0077] As for the degree of graphitization of the obtained product, the tap density at the time of 
and 20 times tap was 0.56 g/cm 3 and the tap density at the time of 300 was 0.70 g/cm 3 . 
doo2=0.3360nm, Lc>100nm, and specific surface area was llm 2 /g . Moreover, the grand total of 
the metal impurity by the chemical analysis of the obtained product was 2.1 mass %. 
[0078] First time charge capacity is [ 349 mAh/g and first time discharge capacity ] 297 mAh/g, 
and, as for the charge -and discharge property of this ingredient, the result of 85% in initial 
charge and discharge effectiveness was obtained. Moreover, in the charge and discharge of the 
2nd henceforth, discharge capacity decreased gradually and about 20% of degradation was 
accepted after the charge and discharge which are 30 times compared with the 1st discharge 
capacity. 



[0079] The engine performance of the graphite material obtained in the examples 1 and 2 of a 
comparison is known by that the electrode characteristic of discharge capacity, initial 
chargeanddischarge effectiveness, and a cycle property is excellent in the direction of the 
graphite material of this invention as compared with examples 1*6. 
[0080] 

[Effect of the Invention] While having a discharge capacity comparable as a discharge capacity of 
scale-like graphites, such as a natural graphite, of the highest level, or the geometric capacity 
determined from graphite structure as a carbon material for lithium secondary battery negative 
electrodes by this invention And the irreversible capacity resulting from the side reaction in the 
early stages of charge was large, and when it was used under a big charge and discharge current, 
the charge of lithium secondary battery negative -electrode material which solved the problem of a 
scale-like graphite - a high discharge capacity is not obtained - and its manufacture approach 
were offered. Moreover, it became usable [ further small and lightweight-izing of a pocket device 
etc., or long duration ] by high capacity with the lithium secondary battery of this invention using 
a negative -electrode ingredient with high charge-and-discharge effectiveness. 



* NOTICES * 

JP0 and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



